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ABSTRACT
I present a study of close white dwarf (WD) and M dwarf (dM) binary systems
(WD+dM) to examine the effects that close companions have on magnetic field
generation in dMs. Using the Sloan Digital Sky Survey (SDSS) Data Release 8
spectroscopic database, I constructed a sample of 1756 WD+dM high-quality pairs.
I show that early-type dMs (<M4) in close binary systems are more likely to be
magnetically active (as measured by Hα emission) and remain active longer than
field dMs. Late-type dMs (>M4), where stars become fully convective, the activity
fraction and activity lifetimes of WD+dM binary systems become more comparable
to those of the field dMs.
The implications of having a close binary companion may include: increased
stellar rotation through disk disruption, tidal effects, and/or angular momentum
exchange. Thus, the similarity in activity between late-type field dMs and late-type
dMs with close companions is likely due to the mechanism generating magnetic fields
being less sensitive to the effects caused by a close companion; namely, increased
stellar rotation.
v
Using a subset of 181 close WD+dM pairs, matched to the time-domain SDSS
Stripe 82 catalog, I show that enhanced magnetic activity extends to the flaring
behavior of dMs in close binaries. Specifically, early spectral type dMs (M0-M4), in
close WD+dM pairs, are two orders of magnitude more likely to flare than field dMs,
whereas late-type dMs (M4-M6) in close WD+dM pairs flare as frequently or less
than the late-type field dM sample.
To test whether the presence of a close companion leads to star-star interactions,
I searched for correlations between the WD occultations and flares from the dM
member in KOI-256, an eclipsing WD+dM system. I find no correlations between
the flaring activity of the dM and the WD occultations, indicating the there are
no obvious signs of star-star interactions at work. In addition, the dM member of
KOI-256 flares more than any other dM observed by Kepler and shows evidence for
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This dissertation is focused on exploring how close stellar binary companions
affect the magnetic activity of low-mass stars. Low mass stars, specifically M dwarfs
(dM), are the major stellar constituents of the Galaxy (70% by number; Henry &
McCarthy 1993; Bochanski et al. 2010). The ubiquitous nature of dMs, in addition to
their long main-sequence lifetimes, make them excellent tracers of Galactic structure,
kinematics, and evolution (e.g., Gizis et al. 2002; West et al. 2004). One of the
time-dependent properties of M dwarfs (and all stars) is their strong magnetic fields
that heat their upper atmospheres, producing excess emission in the chromosphere
and corona called “magnetic activity”, as well as flares with 100-1000 times more
energy than the largest Solar flares (Hilton 2011). The dM sequence (M0-M9) also
probes an important transition in the structure of stellar interiors, where they change
from having both radiative and convective zones, to being fully convective (around a
spectral type of M4; e.g., Dantona & Mazzitelli 1985; Dorman et al. 1989; Chabrier
& Baraffe 1997). How these small, fully convective stars generate such strong fields
(∼several kG) and the subsequent magnetic activity is still not well understood.
While the physics governing magnetic field generation is an active area of re-
search, great strides have been made in constraining the different manifestations of
magnetic activity in isolated M dwarfs. Most importantly for this Dissertation, mag-
netic activity in M dwarfs has been shown to be heavily influenced by stellar angular
momentum history – or stellar rotation. In solar-type stars, magnetic activity is intri-
2cately tied to stellar rotation, where faster stellar rotation leads to stronger magnetic
fields, and thus more surface activity and magnetic heating (e.g., Wilson & Woolley
1970; Noyes et al. 1984a). As stars age, they naturally lose angular momentum via
magnetized stellar winds, which slows their rotation over time. This leads to a rela-
tionship between stellar age, rotation, and magnetic activity (e.g., Skumanich 1972;
Soderblom et al. 1991; Barnes 2003; Mamajek & Hillenbrand 2008). In early-type M
dwarfs (<M4), a similar age-activity-rotation relationship is also observed (Mohanty
& Basri 2003; Kiraga & Stepien 2007). Towards later spectral types (>M4), M dwarfs
still show signs of strong magnetic fields and magnetic heating, despite their interiors
differing from being radiative and convective to being fully convective. In fact, these
late-type M dwarfs may be able to sustain their magnetic activity lifetimes for much
longer (>7 Gyr) than early-type M dwarfs (1−2 Gyr; West et al. 2008). Recently,
West et al. (2015) showed that magnetic activity tends to “turn-off” at stellar rotation
periods longer than ∼28 days for early spectral types (M1−M4), while late spectral
types (M5−M8) can maintain their magnetic activity with rotation periods up to
∼86 days. The results of West et al. (2008) and West et al. (2015) demonstrate that
stellar age, magnetic activity, and rotation are still related in late-type M dwarfs but
that the physical mechanism that controls this relation may be different.
There is some evidence that the presence of a close stellar companion can affect
the angular momentum evolution (and resulting magnetic activity) of an M dwarf.
Meibom et al. (2007) compared the rotation period distributions of solar-type single
stars and solar-type primaries in close binaries (!5 au) in the 150 Myr open cluster
M35. On average, stars in close binaries were rotating faster than the single stars.
The faster rotation in the close binary population has been attributed truncated
disk lifetimes at early stages of stellar evolution, leading to less angular momentum
loss driven by magnetic disk locking (e.g., Koenigl 1991; Shu et al. 1994) or through
3accretion powered stellar winds (e.g., Matt et al. 2012). Given the importance of
stellar rotation on magnetic activity, M dwarfs with close binary companions could
have drastically different magnetic activity properties compared to a field population
– namely, enhanced activity fractions, more flares, and perhaps longer activity life-
times. Current estimates have placed the binary fraction of M dwarfs to be as high
as 27% (Janson et al. 2012, 2014; Winters et al. 2015). Further, an adaptive optics
(AO) imaging survey of a nearby sample of M dwarfs found ∼20% of M dwarfs are
in close binary systems (projected physical separations of 3−100 au) with an equal
or lower-mass companion (Ward-Duong et al. 2015). Thus, the close binary fraction
of M dwarfs represents a non-negligible portion of the M dwarf and total stellar pop-
ulation. An investigation into how close companions affect the magnetic activity of
M dwarfs requires a large statistical sample of M dwarfs in close binary systems.
Traditionally, it is difficult to find close binary companions to low-mass stars.
With their low intrinsic luminosities, low-mass stars can be easily obscured by any
higher-mass companions. Close, unresolved, equal-to-low mass binaries are often
times indistinguishable from a single low-mass star using traditional observing tech-
niques. In recent years, more effort has been made to estimate the occurrence rate
of close, equal-to-low mass binaries through the use of AO imaging techniques and
high-resolution spectroscopy. Yet, these methods are observationally expensive and
it is difficult to build up the large statistical samples of equal-to-low mass binaries
necessary to explore magnetic activity properties in these close systems.
One subset of stellar binaries, close white dwarf + M dwarf (WD+dM) binaries,
presents the ideal laboratory for probing the magnetic activity in dMs with close
binary companions. The two stellar components have very different temperatures
and colors (dMs are red and white dwarfs are blue) while having similar luminosities.
This allows close WD+dM pairs to be isolated from the main stellar locus and occupy
4a unique sector of a color-color diagram (e.g., Smolčić et al. 2004). Additionally, the
two components are easily separated in low-to-mid resolution spectra, allowing for
the individual spectral components to be analyzed separately. Recent all-sky surveys
such as the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009) allow us to easily
isolate large samples of WD+dM pairs using their unique colors and characterize the
magnetic activity properties of the M dwarf components for comparison with field M
dwarfs (West et al. 2004, 2006, 2008, 2011).
The goal of this dissertation is to provide empirical constraints on how magnetic
activity properties in M dwarfs change in the presence of close stellar companions.
Understanding how close binaries affect the magnetic activity evolution of M dwarfs
will inform our understanding of how low-mass stars generate and sustain magnetic
fields, how these magnetic fields affect the true habitability of planets found around
M dwarfs, and how M dwarf flares affect the Galactic transient background. In Sec-
tion 1.1, I provide background on how M dwarfs are thought to generate magnetic
fields, magnetic activity as measured by Hα emission and stellar flares, and the re-
lationship of magnetic activity, stellar rotation, and stellar age. In Section 1.2, I
provide background into the binary properties of M dwarfs, how the angular momen-
tum histories differ for M dwarfs in close binaries, and the implications of different
angular momentum histories on the M dwarf magnetic activity. In Section 1.3, I pro-
vide a brief review of white dwarfs and their role as close companions to M dwarfs. I
also summarize previous literature using WD+dMs in magnetic activity studies and
discuss some of the limitations of these studies. In Section 1.4, I pose the overarching
questions that motivate the work presented in this dissertation.
51.1 M dwarfs
M dwarfs are cool stars that are defined by the onset of titanium oxide (TiO)
molecular absorption in their spectrum. These cool stars that have smaller masses
than the Sun (0.08−0.6 M⊙) and are the most common type of star; making up
nearly 70% of the stellar constituents of the Galaxy and nearly half the stellar mass
of the Milky Way (Henry & McCarthy 1993; Bochanski et al. 2010). M dwarfs are
well represented in the solar neighborhood (accounting for 75% of the stellar popu-
lation within 10 pc, Henry et al. 2006) and have estimated main-sequence lifetimes
longer than the current age of the universe (Laughlin et al. 1997), making them
excellent tracers of the chemical, dynamical, and evolutionary history of the Milky
Way. Yet, M dwarfs are intrinsically faint (L ≤ 0.01 L⊙), which make observing them
challenging, especially at large distances. For several decades, many surveys have fo-
cused on building large samples of M dwarfs. Some examples are the Gliese Catalog
(915 objects; Gliese 1969), which with additional follow-up led to the CNS3 cata-
log by (294 objects; Gliese & Jahreiß 1979), the Palomar/Michigan State University
Nearby Star Spectroscopic Survey (558 main-sequence stars in 448 systems, PMSU;
Reid et al. 1995; Hawley et al. 1996; Gizis et al. 2002; Reid et al. 2002), and the
Research Consortium on Nearby Stars (parallaxes for ∼200 M dwarfs to date; Henry
et al. 1994), which is working towards a complete census of objects within 10 and 25
parsecs and has published 37 papers to date on M dwarfs in the Solar Neighborhood
(www.recons.org). Over the last decade, The Sloan Digital Sky Survey (SDSS; York
et al. 2000; Stoughton et al. 2002; Pier et al. 2003; Ivezić et al. 2004) has obtained
both photometric and spectroscopic observations covering ∼14,000 deg2 centered on
the Northern Galactic Cap. With photometric samples of M dwarfs in SDSS ex-
ceeding 30 million stars, these observations have been used in numerous studies to
further our understanding of low mass stars. For example, SDSS data have been
6used to investigate the mass and luminosity functions of low-mass stars (Covey et al.
2008; Bochanski et al. 2010), the creation of a high-contrast set of M dwarf spec-
tral templates (Bochanski et al. 2007), the construction of the largest spectroscopic
sample of M dwarfs ever assembled (70,841 M dwarfs; West et al. 2011), studies
of the magnetic activity in M dwarfs (West et al. 2008, 2011), statistical parallax
measurements of low-mass stars (Bochanski et al. 2011), dust extinction maps of the
local Galaxy (Jones et al. 2011), and in conjunction with infrared missions such as
the Two-Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) and the Wide-field
Infrared Survey Explorer (WISE; Wright et al. 2010), a sample of low-mass stars
exhibiting signs of warm circumstellar dust (Theissen & West 2014).
The M spectral type is comprised of main-sequence stars ranging from spectral
types M0−M9. The higher mass end, spectral type of M0, is loosely defined by the
onset of molecular lines in the cool photosphere (∼0.6 M⊙), whereas the lower mass
end, spectral type of M9, is approaching the hydrogen-burning limit (∼0.075 M⊙),
and within the stellar/sub-stellar regime (Kirkpatrick et al. 1995; Jones et al. 1995;
Baraffe & Chabrier 1996). The M dwarf effective surface temperatures range from
3800-2300K for spectral types of M0 to M9, respectively. M dwarfs also occupy an
important transition in the interiors of stars, where stars below a mass of ∼0.35
M⊙ (Chabrier & Baraffe 2000) become fully convective. Fully convective M dwarfs
challenge our understanding of stellar astrophysics, especially their generation of
stellar magnetic fields (more details in Section 1.1.1). Which makes dMs challenging
and interesting stars to study.
The low photospheric temperatures give rise to prominent molecular lines (band
heads in low resolution spectra) found throughout the optical regime. From wave-
lengths 6000−9000Å, the optical spectra of M dwarfs are dominated by TiO, VO,
and CaH, which have been used to determine the spectral type or temperature in
7previous studies (Kirkpatrick et al. 1991; Reid et al. 1995). Historically, these broad
band molecular features have made the measurement of metallicities difficult in M
dwarfs. Until recently, metallicity was ill-calibrated for M dwarfs due to the inability
of models to accurately reproduce observed spectra (mostly because of incomplete
line lists and uncertain opacities; e.g., Hauschildt et al. 1999). Previous studies have
calibrated optical metallicity relationships using wide binary systems involving M
dwarfs and FGK main-sequence companions (Woolf et al. 2009). The wide binary
systems are wide enough that the two stars have likely evolved independently, yet
formed coevally from the same natal material. Thus, the measured metallicity of the
main-sequence FGK companion is used to calibrate the metallicity of the M dwarf.
Recent studies have used M dwarfs with wide FGK companions to calibrate a metal-
licity relationship using spectral features in the infrared to a precision of <0.10 dex
in metallicity as measured by [Fe/H] (e.g., Rojas-Ayala et al. 2010, 2012; Mann et al.
2013, 2014; Newton et al. 2015).
One of the limitations in using M dwarfs as probes of Galactic properties is the
difficulty in determining their ages. The main sequence lifetimes of M dwarfs are
> 1013 years (Laughlin et al. 1997) – longer than the present age of the Universe.
The difficulty in determining the ages of M dwarfs arises because their stellar prop-
erties do not evolve appreciably since the time of their formation (Soderblom 2010).
Techniques that lend themselves to age-dating FGK stars, such as asteroseismology
(e.g., Cunha et al. 2007) and Ca II chromospheric emission, have not shown much
promise for M dwarfs. Gyrochronology, the technique of age-dating stars by their
decreasing stellar rotation (Barnes 2003, 2007), may be useful for determining the
ages of M dwarfs (e.g., Irwin et al. 2011a; West et al. 2015; Barnes et al. 2016; Dou-
glas et al. 2016), but has yet to be well-calibrated. West et al. (2008) developed a
statistical method for determining ages of ensembles of M dwarfs by combining a dy-
8namical heating model with the absolute height above Galactic plane. This method,
called “Galactic stratigraphy”, allows for determining the ages of large ensembles of
M dwarfs to within ∼0.5 Gyr for early-type M dwarfs (M0-M3) and ∼1.0 Gyr for
late-type M dwarfs (M4-M7), but cannot be applied to individual systems.
In recent years, M dwarfs have become the focus of many planet search pro-
grams. M dwarfs are good targets for planet searches because they are the most
numerous stars in the Galaxy, they are more sensitive to many of the planetary de-
tection methods (i.e., intrinsic faintness lends to a higher planet-star contrast ratio
and their lower mass makes dynamical methods more sensitive), and recent evidence
hints that they may preferentially form rocky Earth-like planets (e.g., Henry et al.
1994; Dressing & Charbonneau 2013; Ballard & Johnson 2016; Dressing & Char-
bonneau 2015). Dressing & Charbonneau (2013, 2015) used the Kepler Object of
Interest (KOI) catalog to predict that every dM hosts at least one terrestrial planet
with an orbital period less than 50 days, one in two dMs likely have Earth-sized
planets (0.5-1.5 Earth radii), and one in seven dMs will have an Earth-sized planet
in the habitable zone (HZ). Another study predicted that at least 50% of dMs likely
host at least 6 terrestrial planets (Ballard & Johnson 2016), a finding corroborated
by the recent discovery of the closest Earth-analog exoplanet (1.2 Earth radii) dis-
covered around an dM (∼ 0.21 M⊙; Berta-Thompson et al. 2015). Considering the
ubiquity of dMs in the Galaxy (e.g., Henry et al. 1994; Chabrier 2003; Reid et al.
2004; Winters et al. 2015), together with the predicted frequency of habitable planets
around dMs, the Transiting Exoplanet Survey Satellite (TESS; Ricker et al. 2014)
will produce a statistically significant sample of nearby potentially habitable worlds.
However, to properly address the habitability of these planets, it is crucial that we
understand the flaring frequency, magnetic activity, and space weather environment
of the host stars. High energy radiation and particles from flares and associated
9Coronal Mass Ejections (CMEs; e.g., Aarnio et al. 2011), may have adverse effects
on the habitability of exoplanets by altering the size and composition of atmospheres
or by directly damaging DNA (e.g., Khodachenko et al. 2007; Lammer et al. 2007;
Scalo et al. 2007).
Since a majority of the work in this Dissertation focuses on understanding mag-
netic activity in M dwarfs with close binary companions, I will review magnetic field
generation and various observable manifestations of magnetic activity in the following
section.
1.1.1 Magnetic Field Generation
In the Sun, magnetic field generation is thought to be primarily driven by the
shear between the stratified solid body rotation of the radiative zone and the differ-
ential rotation of the convective zone (Parker 1955, 1993; Ossendrijver 2003). This
region of shear is a direct consequence of stellar rotation – and is strengthened with
faster stellar rotation. This transition region, called the tachocline, acts to strengthen
and stretch poloidal magnetic fields (the α effect), establishing a large-scale toroidal
magnetic field (the Ω effect) that can become unstable and rise through the con-
vective zone to become an active region on the surface of the star (e.g., Browning
2008). This dynamo mechanism for generating and sustaining magnetic fields in the
convective zone of the Sun is known as the αΩ dynamo. Because of the importance
of the tachocline shearing in this model, stellar rotation plays a major role in the
strength of the magnetic field and the resulting activity. Magnetic field generation
in early-type dMs (≤ M4) is thought to be due to a similar mechanism, as early-
type dMs still have tachoclines. However, dMs later than ∼M4 (late-type) are likely
fully convective (e.g., Chabrier & Baraffe 1997) and lack tachoclines. However, these
fully convective stars are observed to have strong magnetic fields with field strengths
exceeding a few kG (Reiners & Basri 2007, 2010; Morin et al. 2010).
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The exact mechanism behind the magnetic field generation in late-type dMs is
still unclear. Chabrier & Küker (2006) suggested that magnetic activity in late-type
dMs is due to an α2 mechanism, where flux tubes are twisted in a stratified rotating
fluid acted upon by the Coriolis force. Browning (2008) used simulations to show
that strong magnetic fields are generated in fully convective envelopes when large
slowly overturning flows are acted upon by Coriolis forces. It appears that no matter
the mechanism, stellar rotation still plays an important role; rotation has a strong
influence on the magnitude of the Coriolis force acting upon the overturning flows.
Despite these structural differences, many studies have shown that late-type
dMs have strong fields and are magnetically active. Historically, the fraction of stars
that are active was shown to peak around M7 (Hawley et al. 1996; Gizis et al. 2000).
However, a more recent study using ∼59,000 M dwarfs found the fraction of stars
that are active to be <5% for early-types (M0−M3) and then rise to nearly 80% at
spectral types of M9 (West et al. 2011); spectral types of M7 were found to be ∼60%
active in this study. Direct magnetic field measurements have revealed a strong
correlation between stellar rotation and magnetic field strength for fully convective
stars (Mohanty & Basri 2003; Reiners & Basri 2007, 2010). In general, the most
rapid rotators tend to have the strongest magnetic fields. However, at spectral types
M4−M6 (expected to be fully convective), rapid rotation (v sin i ≃ 10 km s−1) almost
always implies a field strength of at least 2 kG or higher (Reiners & Basri 2010). At
spectral types >M7, the field strengths can be much weaker (∼1 kG), despite having
rapid rotation (v sin i ≃ 10 km s−1; Reiners & Basri 2010). This has led some studies
to suggest that the dynamo mechanism at spectral types M4−M6 may be different
than the mechanism at spectral types >M7, despite the fact that above > M3/M4,
all of these M dwarfs are likely fully convective (e.g., Siess et al. 2000). Regardless,
stellar-rotation seems to play a key role in the dynamo mechanism of late-type, fully
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convective stars. West et al. (2015) showed that magnetic activity in early-type dMs
(M1-M4) is maintained for rotation periods faster than ∼28 days, any early-type dM
rotating faster than ∼28 days showed signs of magnetic activity (as measured by
Hα emission). For the late-type dMs (M5-M8), West et al. (2015) showed magnetic
activity was maintained for rotation periods as slow as ∼86 days, any late-type dM
rotating faster than ∼86 days showed signs of magnetic activity (as measured by
Hα emission). The West et al. (2015) results provide evidence that the mechanism
driving early-type (solar-type dynamos) and late-type dMs (fully convective interiors)
magnetic fields are likely distinct. But, the mechanism driving magnetic fields in fully
convective stars is still clearly dependent upon stellar rotation, albeit less so than in
solar-type dynamos.
Recent spectropolarimetric observations have shed new light on the magnetic
topologies over a range of M dwarf masses (Donati et al. 2008; Morin et al. 2008,
2010). The earlier spectral-type M dwarfs (M0−M1, ∼0.5 M⊙), with solar-like radia-
tive and convective interiors, show strong toroidal components and non-axisymmetric
poloidal components with moderate differential rotation. Nearer to the fully convec-
tive limit (M3−M4, ∼0.3 M⊙), the stars have stronger poloidal fields fields that are
axisymmetric and stable on timescales of years, with little differential rotation. Later
spectral types (M6+, <0.2 M⊙), have magnetic topologies similar to mid spectral
types (M3−M4), or have weaker fields with a strong non-axisymmetric component
or sometimes a toroidal component. In addition, fully convective mid-type M dwarfs
carry about twice as much magnetic flux as early-type dwarfs in large-scale fields
as measured by Stokes V (14% compared to 6%), yet only ∼2.5% and ∼0.5% re-




While the exact mechanism that is driving magnetic fields in the fully convective
regime is unknown, there are still many observable manifestations of magnetic fields
across the entire spectral range of M dwarfs. These observables include: 1) UV
and optical emission from the chromosphere; 2) UV emission from the transition
region; 3) thermal soft X-rays from the corona; as well as 4) flares that are thought
to occur during magnetic reconnection, events that inject magnetic energy into the
atmospheres of the M dwarfs, and which can be observed from the X-ray to the
Radio.
Magnetic activity in M dwarfs is characterized by strong magnetic fields (Johns-
Krull & Valenti 1996), some in excess of 1 kG, especially at late spectral types (≥M4).
These strong magnetic fields lead to heating of the outer atmosphere–chromosphere,
transition region, and corona. In the solar chromosphere, magnetic heating gives rise
to collisional excitation and thus radiative cooling primarily from hydrogen Lyman
and Balmer series lines and the resonance lines of doubly ionized calcium (Ca II)
and magnesium (Mg II). In M dwarfs, the chromospheric densities are higher than
in the Sun and the heating and cooling are larger than in the Sun, making the
hydrogen lines particularly strong; the primary source of cooling in M dwarfs is from
the hydrogen lines as opposed to the Ca II and Mg II lines in the Sun (Linsky et al.
1982; Reid & Hawley 2005). Ca II H and K lines tend to be preferred diagnostics for
chromospheric heating for solar-type stars, but tend to be too faint and difficult to
detect in M dwarfs due to the lower effective temperatures and reduced continuum
flux at 3900Å. Many studies have used an Hα equivalent width > 0.75−1Å to indicate
whether or not the M dwarf is active (e.g., Hawley et al. 1996; West et al. 2004, 2008,
2011). This definition of “active” is based on conservative estimates of the ability
to make unambiguous detection at all spectral types (M0-M9). Another indicator
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of magnetic activity is LHα/Lbol, termed “magnetic activity strength”, which is the
ratio of the luminosity in Hα to the bolometric luminosity of the star.
One of the other parts of star that is affected by magnetic activity is the tran-
sition region, a thin layer between the chromosphere and the corona that ranges in
temperature between 104-106 K. Emission in the transition is dominated by colli-
sional excitation of abundant metals species such as C, N, O, S, and Si; these lines
are observed primarily in the ultraviolet. M dwarfs are intrinsically faint and cool,
which makes UV emission difficult to observe, especially since radiation in the transi-
tion region is only accessible via satellite observations (e.g., Hawley et al. 1996). The
Galaxy Evolution Explorer (GALEX; Martin et al. 2005) imaged ∼2/3 of the sky in
the near- (NUV; 1750-2800Å) and far-ultraviolet (FUV; 1350-1750Å) and has been
used to characterize M dwarf flares at UV wavelengths (Welsh et al. 2007), to show
UV activity is a youth indicator for low-mass stars (Shkolnik et al. 2011; Rodríguez
2011), and that NUV and FUV luminosities correlate with Hα emission (Jones &
West 2016).
The corona is the outermost part of the stellar atmosphere and has typical
temperatures of a few million degrees. Coronal emission is primarily observed in the
soft x-ray regime (106-107 K) from collisionally excited emission lines from highly
ionized states of heavy elements such as iron. X-ray flux has been used as a magnetic
activity indicator in M dwarfs alongside Hα and studies have shown correlations
between x-ray and Hα (e.g. Riaz et al. 2006; Covey et al. 2008). An additional
relationship between x-ray activity (denoted as LX/Lbol) and stellar rotation has been
observed Noyes et al. (1984b), where x-ray activity is shown to increase with stellar
rotation until it reaches a saturation point, LX/Lbol∼ 10−3 (Vilhu 1984; Pizzolato
et al. 2003; Jeffries et al. 2011; Wright et al. 2011).
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The presence of Hα emission in an M dwarf is indicative of sustained magnetic
field generation and continual heating of the chromosphere. This is often referred
to as “quiescent” activity. In the next section, I discuss the more “active” state of
magnetic activity in M dwarfs: stellar flares.
1.1.3 Flares
Despite M dwarfs being upwards of four orders of magnitude less luminous
than the Sun (Bochanski et al. 2011), they are capable of producing flares with 100-
1000 times more energy than the largest Solar flares (Hilton 2011). In dMs, these
flares manifest themselves as an increase in optical and ultraviolet (UV) continuum
emission equivalent to a 10,000K blackbody (Hawley & Pettersen 1991; Kowalski
et al. 2015). The flares are thought to occur during magnetic reconnection events,
which inject magnetic energy into the atmosphere of the dM and can be observed in
the x-ray (e.g., Osten et al. 2010), UV (Robinson et al. 2005; Hawley et al. 2007),
optical (Kowalski et al. 2009; Walkowicz et al. 2011), infrared (Schmidt et al. 2012),
and radio (Stepanov et al. 2001; Osten & Bastian 2008). The flare morphology has
been categorized into two primary phases: 1) the impulsive phase, characterized by
a quick increase in continuum emission within a few minutes or less (e.g., Hawley
& Pettersen 1991; Eason et al. 1992; Kowalski et al. 2010), and 2) a gradual decay
phase, which can last from tens of minutes to a few hours (Moffett 1974; Zhilyaev
et al. 2007). The transient and stochastic nature of stellar flares have made them
difficult and expensive to observe, traditionally requiring continuous time-resolved
photometry of individual stars, both from the ground (Moffett 1974; Lacy et al.
1976) and from space (Audard et al. 2000; Güdel et al. 2003). However, recent all-
sky surveys like the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009) have
allowed characterizing the flaring properties of populations of dMs (e.g., Kowalski
et al. 2009; Hilton et al. 2010) as opposed to individual systems.
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Having a proper understanding of the cumulative number of flares as a func-
tion of both energy and time, or what is known as the Flare Frequency Distribution
(FFD), is important for constraining how dM flares affect the habitability of at-
tending planets, their contribution to the Galactic transient background, as well as
the physics governing the dM flares. Progress in understanding the dM FFD began
with extensive ground-based observations of eight active dM stars (over 400 hours
spanning 2 years; Moffett 1974; Lacy et al. 1976), in which late-type (M6−M9) dMs
were found to flare more frequently, but at lower energies than early-type (M0−M3)
dMs. This trend has been attributed to selection effects, in which low-energy flares
are both more common than high-energy flares and easier to observe around less lu-
minous, late-type dMs. Similar, but more recent, ground-based monitoring of eight
dMs found that flares are also observed in inactive, early-type dMs, albeit at a much
lower frequency than the active dMs (Hilton 2011).
With the advent of large all-sky surveys like SDSS, these studies have been
expanded to large ensembles of dMs. Kowalski et al. (2009) characterized the flare
properties of populations of dMs utilizing the SDSS Stripe 82 (S82) catalog. Stripe
82 is a small region of sky (∼275 deg2) observed multiple times by SDSS over a ten
year baseline. Kowalski et al. (2009) reported 271 flares across 2.5 million individual
observations, estimating a dM Galactic flare rate of 1.3 flares hr−1 deg−2 (for flares
showing ≥ 0.7 magnitude increase in the Sloan u-band on stars brighter than u <
22). Recently, Kepler has provided an unprecedented look into large ensembles of
high-cadence flares from a relatively small sample of dMs. Davenport et al. (2014b)
measured the largest number of flares (over 6100 individual events) from a single
object, GJ 1243 (active M4.5), and developed flare morphology templates that fit a
majority of the flares seen in the Kepler database. M dwarf flares were also found to
have no correlation with rotational modulation; the flares do not appear to originate
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from the primary spot or the spot groups contributing to rotational modulation, but
instead originate from across the entire stellar surface (Hawley et al. 2014).
1.1.4 The Link Between Magnetic Activity, Stellar Rotation, and Stellar
Age
The two different manifestations of dM activity, Hα emission and stellar flares,
have been shown to be correlated with one another (Hilton 2011); the stronger the
Hα emission (active) the more likely the dM is flare. Conversely, the dMs that lack
Hα emission (inactive), are less likely to flare; inactive dMs are still shown to flare,
albeit very rarely (Hilton 2011). Magnetic activity of dMs depends on many factors,
namely stellar age, stellar rotation, and spectral type (or stellar mass)
In most stars, the strength (and presence) of magnetic activity appears to cor-
relate with the stellar rotation, and stellar rotation is intricately tied to the age of
the star. Several decades ago, Wilson & Woolley (1970) discovered a relation linking
magnetic activity (emission in Ca II H&K) and the age of a star (estimated from
galactic orbital parameters) using main sequence stars (mostly G dwarfs). They
found that stars that had undergone many dynamical interactions (i.e., are older),
had lower levels of activity than those stars that had more circular orbits (i.e., are
younger). A short time later, Skumanich (1972) discovered an age–rotation–activity
relation (again using mostly G dwarfs), demonstrating that stars tend to spin down
as they age as well as show a decrease in their magnetic activity. The results from
Skumanich (1972) showed that activity and rotation decreased as a function of age
in the form of a power-law (∝ t−0.5). The Skumanich relation occurs because an-
gular momentum is lost from magnetized stellar winds; as a result, magnetic fields
(and activity) are reduced in magnitude. Subsequent studies have confirmed the Sku-
manich (1972) results and established relations between age and activity (e.g., Wielen
1977; Giampapa & Liebert 1986; Soderblom et al. 1991; Hawley et al. 1996, 1999,
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2000; West et al. 2004, 2006, 2008; Mamajek & Hillenbrand 2008), as well as age and
rotation (e.g., Barry 1988; Soderblom et al. 1991; Mohanty & Basri 2003; Barnes
2007; Kiraga & Stepien 2007; Mamajek & Hillenbrand 2008; Collier Cameron et al.
2009; Barnes & Kim 2010) for G, K and early-type M dwarfs.
There is some observational evidence that the age–activity and rotation–activity
relations extend into the late-type dM regime (Delfosse et al. 1998; Mohanty & Basri
2003; Reiners & Basri 2007, 2008; West et al. 2008). However, there are some clear
differences between early and late-type dMs. West et al. (2008) calibrated a “Galactic
stratigraphy” technique (stars farther from the Galactic mid-plane are statistically
older) to show that activity decreases as a function of age in all dM spectral types
and that the activity lifetimes of M dwarfs change across the transition to fully
convective interiors (from ∼1−2 Gyr to ∼7−8 Gyr). In addition, Reiners & Basri
(2008) demonstrated that the vast majority of late-type dMs are rotating quickly
(as compared to a distribution of rotation rates for early-type dwarfs). These results
suggest that if rotation is a strong driver of magnetic activity, then the spindown
times of late-type dMs are much longer than those of more massive stars. In a
few cases, there have been reports of fast rotating dMs that do not show measurable
magnetic activity (West & Basri 2009; Reiners et al. 2012). West et al. (2015) showed
that magnetic activity in early-type M dwarfs (M1−M4) “turns off” for rotation
periods longer than ∼28 days, whereas activity in late-type dMs (M5−M8) “turns
off” in stars with rotation periods longer than ∼80 days. This is early indication that
the stellar rotation threshold required for sustaining magnetic activity in late-type
dMs is much lower than for early-type dMs, which may explain the fact that late-type
dMs have longer lived magnetic activity.
One aspect of magnetic activity, that has remained relatively unexplored up
until now, is how the presence of a close companion affects the evolution of magnetic
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activity in M dwarfs. How a close binary affects the magnetic activity history of M
dwarfs is the primary focus of this dissertation. In the next section, I discuss why
close binarity is important in the magnetic activity and angular momentum evolution
of M dwarfs.
1.2 Binarity
M dwarfs with binary (or higher-order) companions represent a non-negligible
fraction of the dM population, predicted to be anywhere from 12-27% (Janson et al.
2012, 2014; Winters et al. 2015). In addition, Ward-Duong et al. (2015) find 21±3%
of dMs have a close, low-mass companion (≤ 0.30 M⊙) within a 1−100 au projected
physical separation. This is corroborated by prior studies that found similar mul-
tiplicity fractions for close binary separations among dMs (e.g., Fischer & Marcy
1992; Janson et al. 2012, 2014). These multiplicity fractions are likely an underesti-
mate due to previous studies being insensitive to extremely close binary systems (<1
au) and ignoring dMs with higher-mass main sequence companions (progenitors to
WD+dM systems).
M dwarfs with close binary companions shed light on the role that rotation
plays in the generation, strength and lifetime of magnetic activity in dMs. It is
thought that the rotational evolution of isolated stars is intricately tied to the life-
time of the circumstellar disk (e.g., Barnes & Sofia 1996; Bouvier et al. 1997; Tinker
et al. 2002). Longer lived disks allow stars to lose more angular momentum through
through accretion powered stellar winds (e.g., Korycansky & Papaloizou 1995; Pa-
paloizou & Terquem 1997; Matt et al. 2012) or magnetic disk-locking (e.g., Koenigl
1991; Shu et al. 1994); stars with long-lived disks tend to be slower rotators than
stars with short-lived disks (Meibom et al. 2007). Binary companions at ≤100 au
shorten the disk dissipation timescales by truncating the disk (Lin & Papaloizou
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1993; Artymowicz & Lubow 1994; Armitage & Clarke 1996) and spurring acceler-
ated mass-accretion of the disk onto the primary star (Papaloizou & Terquem 1995;
Korycansky & Papaloizou 1995). This disk disruption causes angular momentum
loss mechanisms such as accretion powered stellar winds and magnetic disk-locking
to be halted and/or slowed, allowing for stars in close binary pairs to remain rotat-
ing faster for longer. Close binary pairs with separations <0.1 au will also undergo
the effects of tidal forces, and over time, will have their spin rate synchronized to
the orbital motion (e.g., Meibom & Mathieu 2005), increasing the stellar rotation.
Therefore, stars in binary systems in the separation regimes, <0.1 au, 0.1−1 au, and
1−100 au may be rotating faster due to tidal forces, tidal forces and/or disk trunca-
tion, and disk truncation, respectively. Because rotation plays an important role in
the production of magnetic activity of low-mass stars, dMs in close binary pairs are
expected to be more active than their single star counterparts.
Previous studies have found some evidence for increased magnetic activity in
close, eclipsing dM binaries (Morales et al. 2010, and references therein). Yet, these
close eclipsing systems are all separated by <0.1 au and its not clear whether the
increased magnetic activity is due to tidal or other star-star interaction effects. Ad-
ditionally, the paucity of low-mass eclipsing systems precludes any statistically sig-
nificant study that focuses on how close companions affect the observable properties
of dMs. Due to the intrinsically faint nature of dMs, large samples of both single or
binary stars were historically untenable. However, with the advent of large, all-sky
surveys (e.g., Sloan Digital Sky Survey (SDSS, Abazajian et al. 2009), Two Micron
All Sky Survey (2MASS, Skrutskie et al. 2006), UKIRT Infrared Deep Sky Survey
(UKIDSS1), Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010), etc.),
1The UKIDSS project is defined in Lawrence et al. (2007). UKIDSS uses the UKIRT Wide Field
Camera (WFCAM; Casali et al. 2007) and a photometric system described in Hewett et al. (2006).
The pipeline processing and science archive are described in Irwin et al. (in prep) and Hambly et al.
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large spectroscopic and photometric catalogs of low-mass stars have emerged. SDSS
alone has enabled catalogs that contain over 70,000 visually confirmed dM spectra
(West et al. 2011) and 5-band photometry for more than 30 million dMs (Bochan-
ski et al. 2010), providing statistically robust samples of field dMs for Galactic and
stellar studies. While large samples of wide binary companions have been discovered
in SDSS (Dhital et al. 2010), identifying large samples of close binary companions
without high-resolution spectroscopy or adaptive optics imaging is challenging. Sev-
eral SDSS studies have identified samples of close dM pairs, but have not examined
their effects on the measured magnetic activity properties (e.g., Becker et al. 2011;
Clark et al. 2012).
Despite being common, it is difficult to build large statistical samples of close,
equal mass, low-mass binaries. Equal mass binaries cannot be distinguished from
low-resolution spectral or imaging observations, and a higher mass companion will
be much more luminous, obscuring the dM from view. However, there is a class of
close binaries that is easier to identify: white dwarf + M dwarf (WD+dM) pairs,
which are ideal for identifying close, unresolved binaries due to their similar lumi-
nosities and different colors. WD+dM properties allow them to be selected from
photometric catalogs with high-fidelity (84%; Rebassa-Mansergas et al. 2013a) and
can be separated into their individual components from low-resolution spectra. Thus,
a sample of unresolved WD+dM pairs provides the perfect laboratory for testing how
close companions affect magnetic activity of dMs.
(2008). We have used data from the 2nd data release, which is described in detail in Warren et al.
(2007).
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1.3 White dwarf + M dwarf binaries as probes of magnetic
activity in M dwarfs
Close WD+dMs are ideal laboratories for understanding the effects of a close
binary on the magnetic activity of M dwarfs. Close WD+dMs represent only a
subset of close binary systems containing an M dwarf, but, due to the relative ease
of building large statistical samples of WD+dMs, they can be used as proxies for the
general population of M dwarfs in close binary systems. As mentioned above, the
utility of WD+dMs comes from the similar luminosities but different colors of the
two components (M dwarfs are red while white dwarfs are blue) and the ability to
separate their spectral components with low-to-moderate resolution spectra. Because
this dissertation is focused on white dwarfs as close companions to M dwarfs, I will
give a brief review of white dwarfs in the following section.
1.3.1 White dwarfs
White dwarfs (WDs) are the final remnants of low- and intermediate-mass stars.
About 95% of all stars that evolve off the main-sequence will end their stellar evo-
lution as white dwarfs (Liebert et al. 2005). When white dwarfs form, they have
exhausted their nuclear fuel and no longer generate pressure in the core, but instead
are supported by electron degeneracy pressure (Liebert 1980). The following white
dwarf evolution can be characterized as a cooling process, the white dwarfs slowly
radiate the residual thermal energy of their ions. The release of thermal energy lasts
on the order of ∼10 Gyr. Upon the formation of the white dwarf, they begin with
effective temperatures of ≥80,000 K and are theorized to be able to cool down to
effective temperatures as low as 1,500 K (the longest cooling time limited by the
present age of the universe; Hansen 1999).
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One additional advantage of white dwarfs is the ability to determine the total
age of the white dwarf by using white dwarf cooling sequences (e.g., Salaris et al. 2000;
Fontaine et al. 2001), initial-to-final mass relationships (Weidemann 1977; Ferrario
et al. 2005; Kalirai et al. 2008; Catalán et al. 2008b), and stellar evolution tracks (e.g.,
Schaller et al. 1992; Dominguez et al. 1999). The time since the WD formed, or the
cooling time, is determined by obtaining high signal-to-noise spectra where Teff and
log g of the WD can be well-fit by theoretical WD model atmospheres (Koester 2008;
Tremblay & Bergeron 2009). With the atmospheric properties of the WD, theoretical
cooling sequences are used to obtain the WD mass (MWD) and cooling time (tcool).
From the derived MWD and tcool values, the mass of the progenitor (Mprog) can be
determined using an initial-to-final mass relationship (e.g., Catalán et al. 2008c) and
then stellar tracks can be used to find the lifetime of the progenitor star (tprog). The
total age of the system is then tcool+tprog. However, the above procedure assumes that
the WD evolved as an isolated star. Any past interactions between stars, particularly
mass transfer onto the white dwarf, can alter the estimated progenitor properties.
Thus, any interaction between the WD and/or dM can lead to unreliable estimated
progenitor lifetimes. Since this dissertation focuses on close binary pairs, which may
have had past incidents of mass transfer, I take the conservative approach and do
not use white dwarfs to calculate the total age of the binary system. However,
using WD+dM pairs means that none of these systems are particularly young (<200
Myr), as enough time needs to have passed for the WD progenitor to evolve off the
main-sequence.
1.3.2 A caveat when using WD+dM pairs
It is possible that the evolution for the closest WD+dM pairs is different than
the rest of the close binary population (0.02−100 au). M dwarfs in close orbits with
white dwarfs (<0.02 au) will most likely have gone through the post common-envelope
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binary (PCEB) phase. This occurs when the more massive binary component evolved
off the main-sequence and became a red giant, during which super Eddington mass
transfer can occur to the lower-mass main sequence companion. During this phase,
a common envelope forms around the giant core as well as its lower mass companion
(Iben & Livio 1993; Webbink 2008). Throughout the common-envelope phase, the
orbital separation of the binary components decreases due to drag with the common
envelope material. The angular momentum lost from the smaller orbit will eventu-
ally expel the envelope (e.g., Davis et al. 2010; Zorotovic et al. 2010; Passy et al.
2012; Rebassa-Mansergas et al. 2012b), exposing the giant core (i.e., future WD)
and the lower-mass main-sequence companion (in this case the dM). Ultimately, the
orbital period distribution of WD+Main sequence binaries is bimodal: systems that
went through the PCEB phase will have a period distribution peaking at ∼8 hours
(Miszalski et al. 2009; Nebot Gómez-Morán et al. 2011), and those systems that were
wide enough to avoid the PCEB phase will have much wider separations with periods
> 100 days. The common-envelope phase occurs on a very short time-scale (on the
order of tens of years), making this stellar evolution process difficult to observe or
on which to place empirical constraints (e.g., Ivanova et al. 2013). Little is known
about the effect this phase has on the lower mass main-sequence companion’s future
evolution. Models have shown that unless the companion to the red giant is a degen-
erate star, it is unlikely to accrue significant any mass from the surrounding envelope
(Ivanova et al. 2013; Webbink 1988; Hjellming & Taam 1991). Rebassa-Mansergas
et al. (2013a) showed that dMs in PCEB systems are 100% magnetically active and
show Hα in emission. One explanation is that all the dMs in PCEB systems remain
active indefinitely due to tidally synchronized stellar rotations, with orbital periods
keeping their stellar rotation above the rotation-magnetic activity threshold (West
et al. 2015), as described in the Section 1.1.4.
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1.3.3 Previous WD+dM studies
Previous SDSS spectroscopic studies used close and unresolved WD+dM binary
pairs to investigate the magnetic activity of dMs with close companions (e.g., Ray-
mond et al. 2003; Silvestri et al. 2006). Silvestri et al. (2006) compared the activity
fractions of 747 close WD+dM binary pairs as a function of spectral type to that of
isolated dMs (West et al. 2004). Silvestri et al. (2006) found that the activity levels
in early-type dMs are higher in close binary pairs than in isolated dMs. From the
WD cooling ages, Silvestri et al. (2006) found that all of the active, early-type dMs
were found around young WDs. There was some evidence that late-type dMs (in
WD+dM pairs) also had a higher activity fractions, but there were not enough pairs
to statistically confirm this result. In addition, neither the Raymond et al. (2003)
nor the Silvestri et al. (2006) samples were large enough to put the WD+dM pairs
in their proper Galactic context (how the magnetic activity varies with location in
the Galaxy). Additional SDSS data releases have dramatically increased the sample
sizes of WD+dM pairs (Rebassa-Mansergas et al. 2010, 2012a; Morgan et al. 2012),
which now allow for statistical investigations of the magnetic activity properties of
low-mass stars in close binaries.
1.4 Summary
The goal of this dissertation is to understand and quantify the effects that close
binarity has on the magnetic activity of M dwarfs. To accomplish this goal, I used
large samples of WD+dM binary pairs as a proxies for all close binary systems in-
volving M dwarfs. WD+dM binary pairs present the ideal laboratories for studying
magnetic activity properties of large populations of M dwarfs due to their unique
spectral and photometric properties, making them distinguishable from other astro-
physical objects in large surveys. These properties allow for the construction of large,
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statistically robust samples of M dwarfs with close binary companions. In my dis-
sertation research, I used dMs with close stellar companions to answer the following
questions:
1. Are M dwarfs with close companions more likely to show low-level activity
(showing Hα in emission) than field M dwarfs?
2. Are M dwarfs with close companions more likely to flare more frequently than
those without close companions?
3. Is there any change in magnetic activity properties in M dwarfs with close
companions near the fully-convective boundary (∼M3/M4 or ∼0.33 M⊙)?
4. Does binary separation affect the level of activity?
5. For the closest pairs, is there any evidence for star-star interactions that are
responsible for boosting magnetic activity in M dwarfs?
The outline of the remainder of my dissertation is as follows. In Chapter 2, I
show how the magnetic activity (as measured by Hα emission) in M dwarfs is affected
by close white dwarf companions for a large sample of spectroscopic WD+dM pairs
from the SDSS. In Chapter 3, I match a subsample of WD+dM pairs from Chapter
2 to the SDSS Stripe 82 catalog (time-series photometry with a 10-year baseline) to
search for flares around WD+dM pairs. I used this sample of flares around WD+dM
pairs to examine whether close companions affect the flaring frequency of dMs. In
Chapter 4, I investigate a case study of a single close WD+dM system from the Kepler
satellite, KOI-256. I examined the correlation (or lack of a correlation) between
the WD transits and the flaring events seen in the M dwarf, indicative of star-star
interactions or stochasticity. I also compared the flaring properties of KOI-256 to
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other flaring studies of M dwarfs from Kepler. In Chapter 5, I summarize the results
of my dissertation and place them in a larger context.
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Chapter 2
The Effects of Close Companions (and
Rotation) on the Magnetic Activity of M
dwarfs
This chapter is based on the paper “The Effects of Close Companions (And
Rotation) on the Magnetic Activity of M dwarfs” by Morgan et al. (2012, AJ 144:93),
which was published in the Astronomical Journal and reproduced here in accordance
with the guidelines of the American Astronomical Society.
2.1 Background
M dwarfs (dMs) have strong magnetic fields that heat their upper atmospheres,
producing excess emission in the chromosphere and corona called “magnetic activity”.
As discussed in Chapter 1, magnetic activity in M dwarfs is known to depend on
stellar rotation (e.g., Delfosse et al. 1998; Mohanty & Basri 2003; Reiners & Basri
2007, 2008; West et al. 2015), stellar age (e.g., West et al. 2008), and spectral type
– or stellar mass (e.g., Hawley et al. 1996; West et al. 2004, 2006, 2008). However,
it is not well understood how the presence of a close stellar companion affects the
magnetic activity of M dwarfs. Stars in close binary systems have been observed
to be rotating faster than similar isolated stars of the same age (Meibom et al.
2007). The faster rotation seen in close binary pairs is thought to be due truncated
lifetimes of the circumstellar disks (caused by the close companion) and therefore a
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lack of angular loss mechanisms normally present for young isolated stars (accretion
powered stellar winds or magnetic disk-locking). Furthermore, the closest pairs may
experience faster-than-normal rotation due to the effects of tidal forces. As in solar-
type stars, M dwarfs with faster rotation have been shown to have stronger magnetic
activity. Thus, if M dwarfs with close binary companions are rotating faster than
field M dwarfs, we would expect the M dwarfs with a close companion to be more
magnetically active.
Previous studies have used close, eclipsing dM binaries (Morales et al. 2010, and
references therein) to show evidence for increased magnetic activity in close binaries.
However, these studies were limited by two things: 1) a biased sample of extremely
close binary pairs (the system had to be eclipsing and therefore at close separations),
where the extent of tidal effects was unknown; and 2) too small of a sample size to
statistically probe the effects of close companions on dM magnetic activity. Gener-
ally, it is difficult to build large samples of M dwarfs with close binary companions.
Close, unresolved binary systems involving an M dwarfs and an equal or lower mass
companion cannot be photometrically separated from isolated systems, without pre-
cise distances or with the use of adaptive optics imaging techniques (observationally
expensive; e.g., Ward-Duong et al. 2015); nor with low-resolution spectroscopic ob-
servations. Whereas, M dwarfs with higher mass companions will be obscured from
view by the much more luminous high mass companion. However, white dwarf +
dM (WD+dM) pairs are ideal for identifying close, unresolved binaries due to their
similar luminosities and different colors. Their properties allow them to be selected
from photometric catalogs with high-fidelity (84%; Rebassa-Mansergas et al. 2013a)
and can be separated into their individual components from low-resolution spectra
Silvestri et al. (2006, hereafter S06) used the Sloan Digital Sky Survey (SDSS,
Abazajian et al. 2009) spectroscopic data to build a sample of 747 close, unresolved
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WD+dM pairs to examine how the magnetic activity in WD+dM pairs compared
to the field dM population (West et al. 2004). S06 found elevated levels of activity
in dMs in close WD+dM pairs compared to single dMs but were unable to place
the WD+dM pairs in their Galactic context (how the magnetic activity varies with
location in the Galaxy) due to the small sample sizes. With later SDSS data re-
leases, the samples sizes of both WD+dM pairs (Rebassa-Mansergas et al. 2010,
2012a) and field dMs (West et al. 2011, hereafter W11) have grown significantly.
The larger WD+dM samples allow for statistical investigations of the magnetic ac-
tivity properties of low-mass stars in close binaries and in comparisons with the field
dM population of W11.
In this chapter, I use a large sample of WD+dM to build on the S06 analysis
and investigate the magnetic activity properties of close WD+dM pairs as a function
of spectral type, Galactic height (a proxy for age), WD cooling ages, and binary sep-
aration. In Section 2.2, I describe my sample selection and general properties of the
sample. In Section 2.3, I describe the procedures I developed to separate the binary
components and calculate WD+dM parameters. I also present a detailed analysis
of the WD spectra using cooling tracks to estimate age, mass, and temperature. In
addition, Section 2.3 details a radial velocity (RV) analysis using individual SDSS
spectroscopic exposures (each SDSS spectrum 3-12 individual spectra that were co-
added to boost the spectrums signal-to-noise) to uncover a population of very close
binary pairs. In Section 2.4, I present my results on activity fractions, lifetimes,
and strength as a function of binary, stellar and Galactic parameters. Section 2.5
discusses the results from my analysis and the potential implications of having close




I identified 1756, high-quality, close WD+dM spectroscopic binaries from the
SDSS Data Release 8 (DR8). My goal was not to produce a complete sample
of WD+dM binary pairs (something that SDSS spectral selection precludes), but
rather produce a sample of high fidelity and high signal-to-noise (SNR) spectroscopic
WD+dM binary pairs, expanding upon previous close WD+dM catalogs, namely the
Rebassa-Mansergas et al. (2010, 2012a) sample of 1602 and 2248 white dwarf + main
sequence pairs (WDMS), respectively; and the S06 catalog of 747 close WD+dM
pairs. In particular, I was interested in increasing the number of late-type dMs (M7-
M9) found by previous studies in an attempt to better understand how activity in
close pairs affects fully convective M dwarfs at the bottom of the main sequence. I
employed the use of multi-wavelength color-cuts (ultraviolet, optical, and infrared)
to produce a sample of 1756 close WD+dM spectroscopic binaries selected from the
SDSS DR8 (Abazajian et al. 2009) using the Rebassa-Mansergas et al. (2010) WDMS
sample as a guideline for developing my own color cuts (described below). The ad-
vantage of using a photometric selection criteria that spanned from ultraviolet (UV)
to infrared (IR) wavelengths was an increased sensitivity to late-type pairs at infrared
wavelengths, whose optical fluxes are dominated by the WD components. Inversely,
this multi-wavelength technique was also sensitive to pairs with very faint WD com-
ponents, whose optical flux is dominated by the dM. In the end, my sample of 1756
close WD+dM pairs does not contain as many pairs as the Rebassa-Mansergas et al.
(2012a) sample due to my more stringent quality cuts that ensure high SNR for both
the WD and dM component, which were necessary for the magnetic activity analysis.
To select my sample, I used photometry from four different public catalogs,
spanning the ultraviolet, optical, and infrared wavelengths, in addition to the optical
spectra from SDSS DR8 catalog. The fuv (1350–1750 Å) and nuv (1750–2800 Å)
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bands from GALEX; the ugriz bands (3000–11000 Å) from SDSS (Fukugita et al.
1996; Gunn et al. 1998); and the J (1.25µm), H (1.65µm), and K (2.15µm) band
from both 2 Micron All Sky Survey (2MASS) and UKIRT Infrared Deep Sky Survey
(UKIDSS) were used. In addition to slightly different filters, 2MASS (Vega-based;
Skrutskie et al. 2006) and UKIDSS (AB; Hewett et al. 2006) use different magni-
tude systems. While 2MASS is an all-sky survey, UKIDSS probes a much smaller
area but goes three magnitudes deeper, creating an effective volume 12 times larger
than 2MASS. Therefore, using both 2MASS and UKIDSS maximizes the number of
WD+dMs that are detected in the infrared.
2.2.1 Sample Selection
I selected all SDSS “point sources” with spectra that satisfied the following
quality cuts: ugriz < 24 and redshift < 0.003. My initial leniency created a large
number of candidate pairs, while leaving room to filter out low quality objects in later
stages of the sample selection. After removing duplicate objects, my initial sample
was composed of 520,701 SDSS stars. Multi-wavelength counterparts to these objects
were found in GALEX, 2MASS, and UKIDSS using three arcsecond matches to their
positions. There were 227,728 matches in GALEX, 300,665 matches in 2MASS, and
131,416 matches in UKIDSS.
I reduced the number of false positive candidate WD+dM binary systems by
enforcing additional color-cuts in fuv, nuv, u, g, r, i, z, J, H, and K color space. I used
the color cuts provided by Rebassa-Mansergas et al. (2010) as an initial guide for my
selection. I visually inspected the 1602 WDMS spectra from Rebassa-Mansergas et al.
(2010) and 1399 were consistent with having a WD and dM spectral component. I
then explored the color space defined by all of the above filters and traced out regions
with minimal contamination (I defined contamination to mean the percentage of non
WD+dM pairs included in a color cut). My final color cuts were similar to those
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Fig. 2.1: u – z versus r – z color-color diagram for stars in SDSS. The colored filled circles
represent known WD+dM pairs from Rebassa-Mansergas et al. (2010). The symbols are
colored according to the spectral type of the M dwarf. The color cut is represented by the
black-dashed line (all objects below that line are selected). The grey contours represent the
stellar locus for the 520,701 stars in the initial SDSS sample; the contour levels are 10, 100,
1000, 5000, and 10000 objects per pixel (a pixel is 0.1x0.1 magnitudes in color). Since all
of my objects have SDSS colors, these colors provide the most comprehensive cut. I chose
r – z as it is sensitive to dM spectral types while u – g isolates the WD+dM population
from the main stellar locus (Smolčić et al. 2004).
described in the Rebassa-Mansergas et al. (2010) analysis, but were useful in probing
later spectral types (M7-M9), as well as spectra dominated by WD or dM flux. My
color cuts were applied to the SDSS DR8 catalog, where I found 364 new pairs that
were not present in the Rebassa-Mansergas et al. (2010) sample. For the following
discussion, I will compare the effectiveness of my color cuts to the Rebassa-Mansergas
et al. (2010) sample (on which I base my sample selection). Since I began my analysis,
a larger sample of WD+dM pairs has been published (Rebassa-Mansergas et al.
2012a). I will compare my sample to that of Rebassa-Mansergas et al. (2012a) in a
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Fig. 2.2: fuv – nuv vs. J – H color-color diagram. As in Figure 2.1, the filled circles are
colored by M dwarf spectral type for known WD+dM pairs. On the left panel, the contour
represent the 2MASS data and there is only one contour levels representing stellar densities
>5. The right panel uses UKIDSS data and only uses one contour level with stellar densities
>3 per pixel (a pixel is 0.1x0.1 magnitudes in color). The distinction was made because
of the photometric depth and precision disparity between the two samples. This cut was
chosen so that the fuv – nuv colors would isolate dM flux dominated pairs, where the WD
component may not be obvious in optical photometry, but will show up in the UV regime.
Similarly, J – H selects WD dominated pairs where the dM will be revealed in the infrared.
J – H is also sensitive to late-dM spectral types.
later section in this chapter. My color-cuts are shown in Figures 2.1–2.4. In each
figure, the contoured data represent all SDSS point sources, while the colored filled
circles represent confirmed WD+dM from (Rebassa-Mansergas et al. 2010). The
circles are colored according to their spectral type. This color-coding was done in an
effort to identify trends in the spectral types to best select regions hosting the later
M7-M9 spectral types that have not been well sampled in previous studies.
When using J, H, and K colors, I needed to distinguish between 2MASS (Skrut-
skie et al. 2006) and UKIDSS (Hewett et al. 2006) photometry separately due to
the differences in the photometric precision, the zeropoints, and the filter responses.
Treating them separately did not identify any significant trends that could be due
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to using slightly different photometric systems. However, I will present my 2MASS
and UKIDSS color cut analysis separately below.
2.2.2 Color Cuts
WD+dM systems are well separated from main sequence stars in a r−z vs. u−z
color–color diagram (Smolčić et al. 2004). This is largely due to the fact that the u−z
color spans the wavelengths where the WD and dM components peak. The r−z color
serves to segregate the M dwarfs as a function of spectral type. Figure 2.1 shows the
r − z vs. u− z color–color diagram for all SDSS stars. The main-sequence stars are
shown as gray contours, while the WD+dM systems spectroscopically identified in
Rebassa-Mansergas et al. (2010) are shown as circles, with the colors corresponding
to spectral type of the dM. The WD+dM population is clearly segregated from the
main-sequence stars in u− z. I did a by-eye fit to separate the WD+dM pairs from
the main stellar locus, shown as dashed lines in Figure 2.1 and described by:
(u− z) <
⎧⎪⎪⎪⎨⎪⎪⎪⎩
0.767 (r − z) + 0.786; for (r − z) < 0.416,
4.573 (r − z)− 0.798; for 0.416 < (r − z) < 1.117,
0.888 (r − z) + 3.318; for (r − z) > 1.117.
⎫⎪⎪⎪⎬⎪⎪⎪⎭ (2.1)
As can be seen in Figure 2.1, this selects the vast majority of WD+dM pairs. How-
ever, systems that are dominated by either the WD or dM component might not be
separated in the optical wavelengths. Using the UV (where the WD dominates) and
the near-IR (where the dM dominates) separates those extreme WD+dM systems
more cleanly. Therefore, I used the UV data from GALEX and the near-IR 2MASS
and UKIDSS to identify additional pairs.
Figure 2.2 shows the vs. J −H plot for my sample. The isolated objects with
significant UV flux, while J − H color separated the M dwarfs from the G and K
dwarfs. While this cut is similar to the vs. r−z cut used in Rebassa-Mansergas et al.
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Fig. 2.3: nuv – r vs. nuv – H color-color diagram, filled circles are colored by spectral type
as before. The contour levels on the right panel represent stellar densities of 5, 25, 100, 250,
and 500 per pixel (a pixel is 0.1x0.1 magnitudes in color) in the 2MASS data and 5, 20, 50,
and 100 per pixel (a pixel is 0.1x0.1 magnitudes in color) in the UKIDSS data on the left
panel. This cut was chosen for its ability to separate the WD+dM bridge (Smolčić et al.
2004) from the main stellar locus. The nuv – r color provides excellent spread in spectral
type, while the nuv – H color helps select dMs with later spectral types.
(2010), using the J −H color, instead of r− z color, produced a cleaner separation.
The locus of the WD+dM pairs was described by:
(J −H)2MASS >
⎧⎨⎩ 7.378 ()− 1.754; for () < 0.243,0.104 () + 0.013; for () ≥ 0.243,
⎫⎬⎭ (2.2)
for 2MASS colors and by
(J −H)UKIDSS > 0.068 () + 0.103, (2.3)
for UKIDSS colors. I then used the nuv − r vs. nuv − H diagram to further separate
WD+dM pairs from the stellar locus. As Figure 2.3 shows, WD+dM pairs are above
the main-sequence stars in nuv − H, while nuv − r spreads the pairs as a function
of the dM spectral type. This cut is only slightly different from the nuv − i vs. nuv
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Fig. 2.4: nuv – K vs. z – J color-color diagram. Filled circles are colored by M dwarf
spectral type. Left and right panels distinguish between 2MASS and UKIDSS data respec-
tively. The contours levels on the right panel represent stellar densities of 5, 25, 100, 250,
and 500 per pixel (a pixel is 0.1x0.1 magnitudes in color) in the 2MASS data and 5, 20, 50,
and 100 per pixel (a pixel is 0.1x0.1 magnitudes in color) in the UKIDSS data on the left
panel. These cuts were chosen specifically to identify late spectral types with z – J, which
covers the wavelength regime where there is a peak in M7-M9 flux.
− H used in Rebassa-Mansergas et al. (2010) and is a better tracer of dM spectral
type. The derived WD+dM locus is described by
nuv −H2MASS >
⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩
1.391 (nuv − r) + 0.960;
for (nuv − r) < 2.226,
1.147 (nuv − r) + 1.513;
for (nuv − r) ≥ 2.226,
⎫⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎭
(2.4)
for 2MASS colors and
nuv −HUKIDSS > 1.339× (nuv − r) + 0.888, (2.5)
for UKIDSS colors. As the fourth, and final, color cut, I used nuv − K vs. z −
J, which is only slightly different from the third color cut (Equation 2.4 & 2.5).
However, z − J is more sensitive to systems with later-type dM secondaries, as it
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includes the wavelength regime where the spectral energy distributions of late-type
dMs peak. Figure 2.4 shows the WD+dM locus well separated above the main stellar
sequence. The derived WD+dM locus is described by
z − J2MASS >
⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩
0.198 (nuv −K2MASS) + 0.220;
for (nuv −K2MASS) < 3.813,
0.032 (nuv −K2MASS) + 0.853;
for (nuv −K2MASS) ≥ 3.813,
⎫⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎭
(2.6)
for 2MASS colors and by
z − JUKIDSS >
⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩
0.175 (nuv −KUKIDSS) + 0.388;
for (nuv −KUKIDSS) < 3.457,
0.048 (nuv −KUKIDSS) + 0.827;




Using the color cuts described above, I selected 53,279 unique objects. The color
cuts were able to recover 1379 of the 1399 WD+dM pairs from Rebassa-Mansergas
et al. (2010); the pairs that were missed by my color cuts had inconsistent colors with
the WD+dM locus (seen in Figure 2.1). Each object was visually inspected and given
one of three simple classifications: not a WD+dM , a high probability candidate, or
a low probability candidate. The first two classifications are self explanatory and the
third was necessary for objects that were difficult to differentiate from single WDs or
single dMs with low SNR, or other astronomical objects. After classifying each object
by-eye, by identifying the presence of a WD and a dM in the spectrum, there were
1,891 high-probability WD+dM pairs and 2,220 low-probability pairs. I performed
a detailed spectral analysis (described in Section 2.3) on all of the candidate pairs
and was able to confirm that of the 1,891 high-probability pairs,1,460 were real (by
38
confirming the presence of a WD and a dM in the spectrum) and of the 2,220 low-
probability pairs, 199 were real, resulting in an initial sample size of 1659 WD+dM
pairs. The r − z vs. u − z cut selected 1605 of the WD+dM, while the IR and UV
color cuts were able to select the remaining 54 pairs that were not included in the
r − z vs. u − z cut (Equation 2.1). Of those 54 remaining pairs, only one pair was
found exclusively using the vs. J − H cuts (Equations 2.2 and 2.3), 18 pairs were
found exclusively from the nuv − r vs. nuv − H cuts (Equations 2.4 and 2.5), and
three pairs were found exclusively from the nuv - K vs. z -J cuts (Equations 2.6 and
2.7).
In creating the West et al. (2011) M dwarf sample, over 70,000 dM were visually
confirmed from over 116,000 candidate spectra from the SDSS DR7. During the
visual inspection process, candidate WD+dM objects were flagged for later analysis.
From these objects, I added 194 possible WD+dM that were not in my sample. In
addition, I matched my sample to those of Rebassa-Mansergas et al. (2010) and S06
and found 522 and 144 objects, respectively, that I had missed. This resulted in a
total of 910 candidate WD+dM objects that I had missed in my color cut analysis.
After visually inspecting each spectrum, I added 141 objects to my sample. The
other 769 objects were eliminated as they were non-WD+dM pairs, WD or dM stars
with low SNR in the red or blue portion of the spectrum (making separation of a
companion difficult), or WD+dM pairs with SNR too low for my magnetic activity
analysis. Finally, I completed a final inspection of my sample and found 44 objects
that had been misclassified or where the SNR was less than 3 near the Hα absorption
line and therefore did not meet my quality criteria. This resulted in a final sample of
1,756 confirmed close WD+dM pairs. As I have mentioned earlier, this sample was
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not constructed to be complete, but rather to be a sample of high fidelity and high
signal-to-noise spectroscopic WD+dM pairs. The entire catalog is available online.12
When I compared my final sample to the S06 and Rebassa-Mansergas et al.
(2010, 2012a) catalogs, I found that I was missing 310, 409, and 606 pairs, respec-
tively. However, I added 847, 556, and 121 new pairs, respectively, to those three
samples. The pairs missing from my sample were visually inspected; and the major-
ity of them were not WD+dM pairs but rather WD+K pairs (via visual inspection
of the spectra), had low SNR, or the components could not be properly separated
with my spectral analysis procedure (described in Section 2.3.1). Thus, they were
not useful for the magnetic activity study and not included in the final sample.
2.3 Analysis
2.3.1 WD+dM separation procedure
Most of my sample consists of unresolved spectroscopic WD+dM binaries (see in
Figure 2.5 for 16 representative spectra from my sample). To conduct an analysis of
the individual stellar components, it is necessary to separate the individual spectra
from the combined spectrum. To do this, I constructed an iterative method for
separating the combined WD+dM spectrum into its individual components by fitting
the appropriate WD models (Koester et al. 2001) and dM templates (Bochanski et al.
2007) to each spectrum. The Koester et al. (2001) WD models consist of 372 DA
and DB WD models with varying temperatures and log g values. The DA models
vary from 6,000 to 100,000 K and each temperature bin has a separate model for
log g values of 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.25, 8.5, and 9. The DB white dwarf models


























Fig. 2.5: Examples of typical SDSS WD+dM spectra reported in this paper. The fluxes
have been normalized for visualization purposes. The large feature commonly found at
around 5500Å is an artifact caused by the SDSS spectrograph and is not real (S06).
spectral type dM templates (M0, M0.5, M1, M1.5. . .M8.5, M9; J. Bochanski, private
communication) that were derived from composites of high SNR spectra (Bochanski
et al. 2007).
The iterative process to separate the dM and WD components was comprised of
five steps: 1) I began by fitting the combined spectrum (see Figure 2.6 for examples)
with the WD models and subtracting the best-fit χ2 model from the combined spec-
trum; 2) I then fit a dM template to the WD subtracted spectrum to find the best-fit
dM template; 3) then, I subtracted the best-fit dM template (from step 2) from the
original combined spectrum and then found the best-fit WD to the dM subtracted
spectrum; 4) again, I found the best-fit dM template to the WD subtracted spec-
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SDSS 000356.93−050332.7




























Resulting dM Spectrum (WD+dM − WD)
dM Best Fit: M4.5 [all]
Resulting WD Spectrum (WD+dM − dM)
WD Best Fit: DA, Teff: 18000.0, log(g): 8.00
SDSS 000531.10−054343.2


























Resulting dM Spectrum (WD+dM − WD)
dM Best Fit: M5.0 [all]
Resulting WD Spectrum (WD+dM − dM)
WD Best Fit: DA, Teff: 12000.0, log(g): 7.75
SDSS 005312.06−003208.4




























Resulting dM Spectrum (WD+dM − WD)
dM Best Fit: M1.5 [all]
Resulting WD Spectrum (WD+dM − dM)
WD Best Fit: DA, Teff: 25000.0, log(g): 8.00
SDSS 021849.98+005739.2






























Resulting dM Spectrum (WD+dM − WD)
dM Best Fit: M3.0 [all]
Resulting WD Spectrum (WD+dM − dM)
WD Best Fit: DA, Teff: 16000.0, log(g): 7.75
Fig. 2.6: Four examples of the results from my WD+dM spectral separation procedure as
outlined in Section 2.3.1. Top panels show the original SDSS spectrum (black), with the
separated dM spectrum (orange; original SDSS spectrum subtracted by the best fit WD
template), and the best fit dM template (red). On the bottom panel is again the original
SDSS spectrum (black), with the separated WD spectra (light blue; original SDSS spectrum
subtracted by best fit dM template), and the best fit WD model (dark blue).
trum; and 5) I repeated this process until the best-fit WD and dM converged (did
not change after repeated iterations). The process typically finished after only two or
three iterations, however some fits were degenerate and alternated among different
values of a single parameter. For the few cases where solutions did not converge, I
stopped the procedure after ten iterations and chose the model fit with the lowest
overall χ2 value.
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There is often a degeneracy in the WD fitting process where both a “cool” and
“hot” WD model present numerical valid fits. This degeneracy arises because the
“cool” and “hot” WD solutions are indistinguishable in the wavelength regime covered
by the SDSS spectra and the two solutions diverge towards the UV wavelengths. The
“cool” solution decreases in flux at bluer wavelengths, whereas the “hot” WD solution
flux increases at bluer wavelengths. Other studies use WD photometric temperatures
or UV observations to distinguish between “cool” or “hot” solutions (Garcés et al.
2011; Rebassa-Mansergas et al. 2012a). In this analysis, I do not distinguish between
the two WD solutions in the fitting process as it is not imperative for the magnetic
activity analysis; this could be the cause of some of the solutions failing to converge
in the fitting process.
For the dM fit, I used a best-fit χ2 technique over a wavelength range of 7000-
9300Å. I found that evenly weighting the entire wavelength regime of the dM provided
the most accurate fits. However, the WD fitting process was more complicated; I
placed higher weights on the hydrogen Balmer absorption lines and weighted them
∼1000 times higher than the continuum to ensure that both the shape and the depth
of the absorption lines were accurately fit, features important for determining log g.
I focused on Hα, Hβ, Hδ, and Hγ and weighted each predicted peak (corrected
for RV of the WD, detailed below) in addition to 100Å region on either side of
each peak to ensure the Balmer regions were fit well. Additionally, I weighted 10Å
wide portions between the absorption lines ∼1000 times higher to assist in properly
fitting the overall shape of the WD continuum. This procedure resulted in accurate
fits for both the Balmer lines as well as the continuum, which ensured an accurate
subtraction of the WD from the combined SDSS spectrum and a clean dM spectrum.
I also took into account possible hydrogen Balmer series emission from an active dM
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component that could affect the WD fit. I down-weighted the predicted locations of
dM emission (corrected for RV) ∼1000 times lower to minimize contamination.
After each iteration, I used a cross-correlation technique to calculate the RVs of
the WD and dM components. The cross-correlation technique compared the sepa-
rated WD and dM to their corresponding rest wavelength best-fit template; the shift
in the cross-correlation peak yielded the component RV. The measured RV was then
used to shift the wavelength axis of the template and provide a better fit in subse-
quent iterations. For the cross-correlations, I used a wavelength range of 3900-5200Å
for the WD (this regime was chosen to include Hβ, Hγ, and Hδ) and 6600-9000Å for
the dM (this range includes the strong Na I [8183.26, 8194.79Å] doublet and a number
of TiO molecular features). In an effort to determine the uncertainty in the mea-
sured RV, I chose two bins over the wavelength ranges designated above for the WD
and four bins for the dM component. For example, the WD had two bins 3900-4550
and 4550-5200Å, while the dM had four bins: 6600-7200, 7200-7800, 7800-8400, and
8400-9000Å. For each ∼600Å bin, I shifted the wavelength regime by 10Å, 30 times
towards lower wavelengths (blue) and 30 times towards longer wavelengths (red) and
calculated the RV using the cross-correlation technique. The RV was taken to be
the median value of all the measurements and I report the uncertainty as the me-
dian absolute deviation. The dM RVs are much more reliable because of the many
sharp molecular features found in the dM spectrum, while the WD RVs have higher
uncertainties due to their broad hydrogen Balmer absorption lines.
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Table 2.1: WD+dM Parameters (Abbreviated): Spectral classifications and radial velocities1
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)2 log g2 (km s−1) (km s−1)
SDSS J000109.42+255459.5 2822 54389 334 M2.5 DA 16000 7.0 -20 (10) 200 (200)
SDSS J000152.10+000644.7 387 51791 157 M0.0 DA 40000 7.5 0 (10) 0 (10)
SDSS J000250.65−045041.6 2630 54327 439 M4.0 DB 20000 8.5 -10 (10) -40 (30)
SDSS J000356.93−050332.7 2630 54327 173 M4.5 DA 18000 8.0 -50 (10) 70 (20)
SDSS J000421.61+004341.5 685 52203 561 M5.0 DB 16000 9.0 -20 (10) 0 (10)
SDSS J000442.00−002011.6 1539 52943 21 M0.0 DA 30000 5.0 -40 (10) -300 (10)
SDSS J000444.35+264617.8 2824 54452 74 M5.0 DA 6000 5.5 -0 (10) -100 (0)
SDSS J000447.78+291140.9 2824 54452 600 M0.5 DA 16000 8.0 -20 (10) -40 (30)
SDSS J000453.94+265420.4 2824 54452 78 M4.0 DA 10000 8.25 -30 (10) 200 (0)
SDSS J000504.92+243409.7 2822 54389 180 M4.5 DA 11000 8.25 40 (10) 30 (20)
SDSS J000531.10−054343.2 2624 54380 82 M5.0 DA 12000 7.75 -20 (10) -0 (100)
SDSS J000559.87−054416.1 2624 54380 60 M1.5 DA 30000 8.0 -10 (10) 100 (0)
SDSS J000651.91+284647.1 2824 54452 601 M3.5 DA 16000 7.75 10 (10) 30 (20)
SDSS J000711.41+283848.6 2824 54452 608 M3.5 DA 12000 8.25 -0 (10) -0 (100)
SDSS J000829.92+273340.5 2824 54452 1 M2.5 DA 13000 7.75 -50 (10) 100 (100)
1This table is abbreviated for brevity. The full table is available in the Appendix, Table A1.
2The values for WD Teff and WD log g values are only estimates based on the best-fit models. The WD parameters reported in Table 2.2
are calculated using methods described in Section 2.3.2 and are more reliable.
3The raw dM radial velocity corrected for the system velocity. The corresponding raw dM RV uncertainties are reported in the parenthesis.
4The rawWD radial velocity corrected for the system velocity. The corresponding rawWD RV uncertainties are reported in the parenthesis.
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Some examples of the results from the iterative fitting process can be found in
Figure 2.6. The top panel of the plot shows the original SDSS spectrum in black,
the derived dM flux in red (SDSS spectrum – best-fit WD model), and the best-fit
dM template in orange. The bottom panel is similar: the original SDSS spectrum
is shown in black, the derived WD flux in light blue (SDSS spectrum – best-fit dM
template), and the best-fit WD model in dark blue. My procedure returned dM
spectral type, WD effective temperature (Teff), WD surface gravity (log g), and WD
and dM RV. Histograms of these parameters can be found in Figure 2.7 and the
values can be found in Table 2.1 (see the full table in the Appendix; Table A1).
The WD parameters calculated using the above analysis are only estimates. In
the following section (Section 2.3.2) I use the resulting WD spectrum (from the
WD+dM separation procedure described above) to perform a more detailed analysis
to calculate WD parameters. When available, calculated WD parameters reported
from the analysis discussed in Section 2.3.2 and found in Table 2.2 should be used
(see the full table in the Appendix; Table A2).
2.3.2 WD cooling analysis
I derived the atmospheric parameters of the DA WDs (Teff and log g) by per-
forming a fit of the observed Balmer lines to the WD models of D. Koester (private
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Fig. 2.7: Distributions of various properties of the sample: a) the distribution of the
dM spectral types of my sample (the black line is the entire sample, while the black dash-
dotted line indicates the systems with high SNR that were used for the activity analyses); b)
the distribution of the WD effective temperature as derived by my model fitting procedure,
which has a bimodal distribution at 10,000K and 19,000K; c) the distribution of derived WD
log g values, which peaks around a value of 8.0; d) the distribution of the estimated binary
projected physical separation in au; e) the distribution of the distances (pc) calculated using
the spectroscopic parallax relation; f) and distribution of calculated absolute distance above
the Galactic plane (pc).
communication). The Balmer lines in such WD models were calculated with the
modified Stark broadening profiles of Tremblay & Bergeron (2009), kindly made
available by the authors. For the line fitting, I used the code fitsb2, which follows a
procedure based on χ2 minimization (Napiwotzki et al. 2004). I considered the lines
from Hβ to Hϵ for the fitting procedure when SNR<30 and from Hβ to Hζ when
SNR>30. I did not include Hα to minimize any effects from the M dwarf spectral
subtraction technique (Section 2.3.1). As initial values, I considered the photometric
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temperature and a log g = 8. The photometric Teff were obtained by fitting the SDSS
synthetic gri magnitudes to WD synthetic photometry of Holberg & Bergeron (2006).
Since the SDSS gri magnitudes are likely contaminated by the M dwarf component
I derived synthetic gri magnitudes from the spectrum of the WD component sepa-
rated by the procedure outlined in Section 2.3.1. The entire WD fitting procedure is
described in more detail in Garcés et al. (2011) and Catalán et al. (2008a). By using
the photometric Teff as initial value in the Balmer line fitting procedure, I avoided
possible degeneracies that result from the cool/hot solution (Garcés et al. 2011). In
Figure 2.8 I show the fits to the Balmer line profiles for 15 DA WDs in my sample.
Table 2.2: WD+dM Parameters II (Abbreviated): WD Cooling analysis parameters1
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J000356.93−050332.7 17600 (400) 0.65 (0.04) 130 (10)
SDSS J000453.94+265420.4 9500 (300) 0.599 (0.008) 650 (40)
SDSS J000504.92+243409.7 12700 (700) 0.83 (0.06) 510 (90)
SDSS J000531.10−054343.2 14000 (2000) 0.74 (0.1) 350 (100)
SDSS J000559.87−054416.1 29900 (500) 0.76 (0.05) 17 (4)
SDSS J000651.91+284647.1 15000 (2000) 0.5 (0.1) 160 (50)
SDSS J001853.79+005021.5 14500 (400) 0.612 (0.008) 210 (10)
SDSS J003257.12+000631.4 20000 (2000) 0.5 (0.1) 50 (20)
SDSS J003628.07−003124.9 9500 (300) 0.599 (0.008) 650 (40)
SDSS J003650.58+134411.5 10500 (300) 0.602 (0.008) 510 (30)
SDSS J004138.68+151104.9 34000 (2000) 0.6 (0.1) 7.9 (0.9)
SDSS J004740.76−000019.5 12000 (2000) 0.9 (0.4) 800 (900)
SDSS J010341.60+003132.6 10400 (300) 0.602 (0.008) 520 (30)
SDSS J011042.01−010839.3 63000 (2000) 0.55 (0.02) 2.8 (0.1)
SDSS J011123.90+000935.2 11600 (300) 0.605 (0.008) 390 (20)
According to Bergeron et al. (1992), the atmospheres of DA WDs cooler than
12000K could be enriched in He while preserving their DA spectral type. This He
is thought to be brought to the surface as a consequence of the development of a
H convection zone. Depending on the efficiency of convection, the star could still
1This table is abbreviated for brevity. The full version can be found in the Appendix in Table A2.
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Fig. 2.8: Fits to the individual Balmer lines for the WDs for 15 separated WD in my
sample. The line profiles correspond to Hβ (bottom) up to Hϵ or Hζ (top). I have applied
vertical shifts for clarity. The solid lines are the observed spectra and the red lines are the
models that best fits the profile.
show Balmer lines, instead of being converted into a non-DA white dwarf. The
increase in He mimics the behavior of a high gravity, thus, the log g obtained from
the spectroscopic fitting can not be trusted. For this reason when Teff <12000K
I chose to use the photometric Teff and the typical value for the surface gravity
log g = 8.0.
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Once I derived the Teff and log g for each WD, its mass (MWD) and cooling
time (tcool) were obtained using appropriate cooling sequences. I adopted the cooling
tracks of Salaris et al. (2000), which consider a carbon-oxygen (C/O) core WD (with
a higher abundance of O at the central core) and a thick hydrogen envelope on top of
a helium buffer, q(H) = MH/M = 10−4 and q(He) = MHe/M = 10−2. The resulting
values for MWD and tcool are listed in Table 2.2 (see the full table in the Appendix;
Table A2). The total age of a WD is comprised of its cooling time plus the lifetime of
its progenitor star during the pre-white dwarf stage. If a white dwarf is isolated, or in
a wide binary (no interaction between companions), the mass of the progenitor can
be calculated using an initial-final mass relationship (e.g., Catalán et al. 2008b), and
considering stellar tracks, estimate the progenitor lifetime. However, in this study I
was considering white dwarfs in close binaries that may have interacted in the past,
transferring mass and altering the estimated progenitor properties. However, the
cooling time of the WD can be used to constrain its total age by setting a lower
bound. This lower limit is particularly important when the WD companion is a dM,
since determining the ages of dMs is particularly challenging (Soderblom 2010). I
derived Teff , log g, MWD, and tcool and their corresponding uncertainties for 904 WDs
in my WD+dM sample. The values are reported in Table 2.2 (see the full table in
the Appendix; Table A2).
2.3.3 WD+dM parameters
In addition to the values presented in Tables 2.1 and 2.2 (see the full tables in
the Appendix; Table A1 and A2, respectively), I derived additional parameters that
are given in Table 2.3 (see the full table in the Appendix; Table A3). In particular
I derived the system RV through space ( km s−1), the height above the Galactic
plane (pc), approximate distance to the system (pc), approximate binary separation
(au) and orbital period (days) assuming circular, Keplarian orbits and an edge-on
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inclination, activity state (as traced by Hα), and magnetic activity strength (using
LHα/Lbol). In this section I discuss in detail on how I calculated each of these
parameters.
System radial velocity
In my sample, 1714 dMs and 1674 WDs had reliable RV measurements, resulting
in 1627 WD+dM pairs with RV measurements for both components. In addition, I
derived WD masses for 904 of the pairs as discussed in Section 2.3.2; for the rest of
the WDs, I assigned a mass of 0.6 M⊙ (the average mass of 90% of WDs in SDSS
DR4; Kepler et al. 2007). I inferred masses of the dMs from their spectral types (Reid
& Hawley 2005). Then using center-of-mass arguments in circular orbits, MdMvdM =
MWDvWD, along with the measured relative RVs, I estimated the system velocity of
the pair. The measured RVs are relative velocities expressed as v′WD = vWD + vsys,
where v′WD is the measured RV of the WD, vsys is the system velocity, and vWD is
the absolute RV of the WD. Similarly, I measured v′dM for the dM: v
′
dM = vdM+ vsys.

















Absolute WD and dM RVs were calculated using the measured relative RVs and
the derived system velocities. Absolute WD and dM RVs, system velocities, and their
corresponding uncertainties are reported in Table 2.3 (see the full table in the Ap-
pendix; Table A3); uncertainties were calculated using standard error propagation.
My reported system velocities are lower limits due to the assumption of circular,
edge-on orbits, and the stars’ locations in the orbit. In reality, most of my measured
RVs have lower values than the true stellar orbital motions. Thus, the system veloc-
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ities are used for statistical relative comparisons rather than exact measurements for
individual pairs.
Separations & Periods
Without multi-epoch RV measurements, system parameters could not be deter-
mined via full orbit solutions. Instead, I assumed the single-epoch absolute RV of
each component (or Vr sin i) to be its orbital velocity and calculated the projected
linear separation for the binary assuming a Keplerian circular orbit and edge-on in-
clination. The total separation of a system was found by summing the individual
component separations from the center-of-mass of the system, which was calculated
by balancing centripetal and gravitational force. Considering my calculated RVs
are lower limits, this suggests that my measured separations are likely upper limits.
When multiple RV measurements were available (see Section 2.3.4), I constrained
the limits on RVs and separations using the set of WD and dM measured RVs that
had the maximum difference between them; this is where the RVs will be most rep-
resentative of the orbital velocity. While the projection effects can be statistically
corrected for ensembles, it is a steep function of orbital separation and total system
mass (Dupuy & Liu 2011). Applying the correction for individual systems intro-
duces large uncertainties and does not affect the relative scalings. Therefore, I chose
to not use the corrections. The estimated projected linear separations (au) and or-
bital periods (days) are reported in Table 2.3 (see the full table in the Appendix;
Table A3).
Distances
I used a spectroscopic parallax relation that was derived from data in Bochanski
(2008) to estimate the absolute magnitudes of the dM as a function of spectral type
and thus calculate the approximate distance to the dM. Bochanski (2008) estimated
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that the distances are accurate to 20%. Photometric parallax relations for dMs
are more accurate measures of distance (West et al. 2005; Davenport et al. 2006;
Bochanski et al. 2010, 2011), however, due to the photometric contamination by the
close WD companion (in the r-band), the resulting distances would have significant
errors. Calculated distances are reported in Table 2.3 (see the full table in the
Appendix; Table A3) and a distribution of distances can be found in Figure 2.7.
Vertical Distance from the Galactic plane
Using the derived distances from above, the Galactic latitude and longitude,
and by assuming the Sun is 15 pc above the Galactic plane (Cohen 1995; Ng et al.
1997; Binney et al. 1997) and at a distance of 8.5 kpc from Galactic center (e.g.,
Matsunaga et al. 2009), I calculated the absolute height above the Galactic plane for
each pair using the following relation:





∗ cos(l)) + z⊙, (2.9)
where ZGal is the height of the star above the Galactic plane, l and b are star’s
galactic latitude and longitude, r⊙ is the Sun’s distance from Galactic center (pc),
z⊙ is the Sun’s height above the Galactic plane, and d is the star’s distance from
the Sun measured from the previous section. I used the height above the Galactic
plane as a statistical proxy for the age of the binary system; younger stars are formed
in the plane of the Galaxy and over time are dynamically heated and perturbed to
higher orbits (W06; W08). Distributions of calculated Galactic heights are reported



































































































Fig. 2.9: Examples active dMs (top panel) and inactive dMs (bottom panel) from my
WD+dM sample. The red dot-dashed line is the location of the radial velocity corrected
Hα line as measured by my WD+dM separation procedure outlined in Section 2.3.1. The
Hα EW and SNR are printed on each panel.
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Table 2.3: WD+dM Parameters III (Abbreviated): Additional parameters
SDSS ID dM RV2 WD RV3 System RV4 Z d s5 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)6 (pc)7 (au)8 (days)
SDSS J000109.42+255459.5 -100 (100) 100 (200) 100 (100) -220 410 0.081 8.5 no 2.20e-05
SDSS J000152.10+000644.7 -280 (80) 300 (200) 290 (80) -890 1000 0.013 0.51 yes 1.57e-04
SDSS J000250.65−045041.6 20 (20) -10 (30) -30 (20) -280 320 8.5 9600 yes 2.47e-04
SDSS J000356.93−050332.7 -90 (20) 40 (20) 30 (20) -120 150 0.4 94 yes 2.75e-04
SDSS J000421.61+004341.5 -500 (300) 200 (400) 500 (200) -310 370 0.016 0.79 no 2.39e-05
SDSS J000442.00−002011.6 -500 (400) 500 (400) -0 (200) -1500 1800 0.0038 0.079 no · · ·
SDSS J000444.35+264617.8 40 (30) -20 (50) -50 (30) -93 190 1.8 950 no 7.83e-06
SDSS J000447.78+291140.9 10 (20) -10 (30) -30 (10) -2100 3900 13 16000 no · · ·
SDSS J000453.94+265420.4 -140 (40) 70 (60) 110 (30) -190 360 0.13 18 yes 1.88e-04
SDSS J000504.92+243409.7 10 (10) -0 (20) 30 (10) -76 150 80 250000 yes 4.17e-04
SDSS J000531.10−054343.2 20 (60) -0 (100) -40 (60) -34 53 21 36000 yes 1.49e-04
SDSS J000559.87−054416.1 -70 (20) 40 (40) 60 (20) -470 530 0.48 110 yes 1.33e-04
SDSS J000651.91+284647.1 -20 (20) 10 (30) 20 (10) -110 220 4.3 3500 no 2.51e-06
SDSS J000711.41+283848.6 20 (90) -0 (200) -20 (90) -270 520 8.2 8700 yes 2.02e-04
SDSS J000829.92+273340.5 -100 (40) 70 (80) 50 (40) -200 380 0.15 22 yes 1.11e-04
1This table is abbreviated for brevity. The full version can be found in the Appendix in Table A3.
2The absolute dM radial velocity corrected for the system velocity. The corresponding dM RV uncertainties are reported in the parenthesis.
3The absolute WD radial velocity corrected for the system velocity. The corresponding WD RV uncertainties are reported in the
parenthesis.
4The system velocity as defined in Section 2.3.3. The system RV uncertainties calculated from the dM and RV uncertainties using standard
error propagation techniques are reported in the parenthesis.
5Projected linear separation as defined in Section 2.3.3. Recall that the separations presented in this paper are lower limits.
6The absolute height above the Galactic plane calculated using the Equation 2.9
7Distances were calculated using a spectroscopic parallax relation derived from data found in Bochanski (2008).
8The separations were calculated using the dM and WD RVs after being corrected by the system velocities. I assumed that the measured
absolute RVs of each component is the orbital velocity as well as assuming edge-on circular Keplarian orbits.
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Magnetic Activity
I used the Hα emission line as an indicator for magnetic activity in the dMs.
To calculate the magnetic activity strength, I measured the line flux of Hα using
a trapezoidal integration technique over 12Å centered on the Hα line (West et al.
2004). The continuum was taken as the averaged flux 5Å on either side of the line
region and the noise was the standard deviation of the flux over the continuum
range. I calculated the activity strength, LHα/Lbol of each dM using the methods
described by Walkowicz et al. (2004) and West et al. (2008). In Walkowicz et al.
(2004), the authors derived a spectral type dependent scaling factor, χ (the ratio
of continuum flux near Hα over the bolometric flux), from a sample of nearby stars
and 2MASS standards. Multiplying the spectral type dependent χ values by the
measured Hα equivalent width (EW) resulted in LHα/Lbol independent of the dM
distance. LHα/Lbol is a measure of the flux output driven by magnetic activity
via Hα emission over the total bolometric luminosity of the star; this quantity is
independent of the stellar continuum (unlike EW). Magnetic activity strength as
measured by LHα/Lbol is reported in Table 2.3 (see the full table in the Appendix;
Table A3).
The magnetic activity state of the dMs was determined by inspecting the Hα
line of each dM (WD subtracted) spectrum by-eye and separating them into three
main categories; active, inactive, or unable to classify due to low SNR spectra. To
ensure the highest quality of my classifications, I only considered objects to be ac-
tive or inactive if the SNR of the continuum near Hα was > 3. For my WD+dM
sample, I classified 741 as active and 496 as inactive – 526 were unclassified. Four
of my objects also have very broad Hα emission features, possibly due to accretion
(e.g., Hartigan et al. 1995); I classified these separately and excluded them from my
magnetic activity analysis. A few typical examples of active and inactive stars can be
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found in Figure 2.9. The activity states are reported in Table 2.3 as “yes” for active
stars, “no” for inactive stars, and “N/A” for unclassified stars (see the full table in
the Appendix; Table A3).
2.3.4 Multiple exposure RV analysis
All SDSS spectra are composite spectra made up of multiple exposures (at least
three but as many as 15). The typical exposure times were roughly 900-1200 seconds
and were often made in succession. These individual exposures have been used in
previous studies to investigate M dwarf flare rates (Hilton et al. 2010) and time
variable spectral features (Kruse et al. 2010; Bell et al. 2012). I used the multiple
exposure spectra in an effort to investigate time variability in the derived radial
velocity measurements in my close WD+dM binary pairs. Many of my pairs are
very closely separated, and thus may have periods on the order of a few hours.
The single-epoch radial velocities were calculated in a similar manner as discussed
in Section 2.3.3, except that the best-fit template for each spectrum was already
determined. I also calculated LHα/Lbol for each individual exposure as described in
Section 2.3.3. The number of exposures, the median change in radial velocity (∆RV),
the median error in the change of radial velocity (σ∆RV), and the time in between
exposures of median RV change (hours) are reported in Table 2.4.
Being able to measure multiple RVs during the orbit allowed us to put better
constraints on the separation of the WD+dM pairs as there was a greater chance of
catching the components at their maximum separation in one of the exposures (see
Section 2.3.3). Very close pairs are apparent by the rapidly changing radial velocities
over the baseline of the consecutive observations. In addition, these very close pairs
may be interesting for follow up observations and may be used to investigate the
variability of magnetic activity as a function of orbital motion.
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2.4 Results
2.4.1 Activity fraction vs. Galactic height
Figure 2.10 shows the activity fraction in close WD+dM pairs (filled circles) as
a function of spectral type compared to the activity fractions in the dM field sample
(open diamonds, W11). The uncertainties shown in Figure 2.10 are calculated from
the binomial distribution. I find a noticeably higher activity fraction in the close
WD+dM pairs than in the isolated field dMs across all spectral types. However,
towards later spectral types, I find the disparity in the activity fractions decrease
between the WD+dM and isolated dM populations. The convergence of the two
populations at late spectral types seems to indicate that having a close binary com-
panion may not affect activity in late-type M dwarfs in the same manner that it does
for the earlier-type dMs.
Some of the morphology of Figure 2.10 is due to age effects (early-type M dwarfs
have shorter active lifetimes than their late-type counterparts; W08) and the location
of stars in the Galaxy (which is age dependent). Figure 2.11 puts the sample in the
proper Galactic context by showing the activity fraction as a function of absolute
Galactic height (a proxy for age) for each spectral type. The WD+dM (filled circles)
sample is binned by Galactic height and I chose the bin sizes to optimize the number
of stars per bin; the typical bin (filled circles) has approximately 10 stars (with a
minimum of 2 stars). I used the same bin sizes for the field M dwarfs (open triangles,
W11). Due to the relatively small numbers of some spectral types, I combined M0
with M1 and M6 with M7 for my analysis. There are no M8 or M9 dwarfs with
reliable activity parameters that were identified in my analysis.
Figure 2.11 shows that in comparison to isolated dMs (W11), the activity frac-
tion is noticeably higher in almost all Galactic height bins until a spectral type of
M5, confirming the higher activity fraction trend seen in Figure 2.10. Also, at a
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Fig. 2.10: Fraction of active stars vs. spectral type for my WD+dM sample (solid circles)
and isolated field M dwarfs (open diamonds, W11). The error bars were computed from
the binomial distribution. The M6 and M7 bins were grouped together to help increase
the counting statistics for the later types. The fraction of active WD+dM is significantly
higher than that of field M dwarfs. Towards later spectral types there is a decrease in the
difference in activity fractions.
spectral type of M5, the disparity in activity fractions between field dM and close
WD+dM pairs decreases and remains decreased to the M6+M7 bins. Due to the
high uncertainties, the trend is not as clear in the latest type bins. Coincidently, this
change occurs roughly at the spectral types where the stellar interiors become fully
convective. In addition, the activity fraction as a function of Galactic height can be
interpreted as evidence for a finite activity lifetime. By comparing the active frac-
tions of dMs to simple stellar 1D dynamical simulations, W08 showed that early-type
dMs have short activity lifetimes (∼0.6-2.0 Gyr for M0-M3, respectively) and that
late-type dMs have longer activity lifetimes (∼7.0-8.0 Gyr); there is a sharp increase
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Fig. 2.11: Fraction of active stars as a function of absolute Galactic height (pc) for each
spectral type (proxy for age, W08). The filled circles are bins of WD+dM (a bin is required
to have two or more stars) and the open triangles are bins of field dMs (W11). In an effort
to increase the binomial statistics in the least represented bins, I combined the M0 and
M1 spectral types as well as the M6 and M7 spectral types. There are three main trends:
1) M dwarfs in WD+dM pairs are more active (up until M5) than their single M dwarf
counterparts; 2) whatever the mechanism driving the dynamo in fully convective late-type
dMs, it does not seem to be affected by a close binary companion (or possibly rotation);
and 3) there are elevated activity fractions close to the plane and the presence of activity
decreasing farther from the plane (age), indicating lifetime in early-type M dwarfs with WD
companions is most likely finite but lasts longer than field dwarfs. In late-type M dwarfs
with WD companions, the lifetimes are comparable to the late-type field population activity
lifetimes.
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of activity lifetimes at a spectral type of M4 (∼4.5 Gyr), the location of the onset
of full convection in dMs. In Figure 2.11, the low activity fraction in the isolated
early-type dMs (W11) can be explained by the short activity lifetimes described by
W08; the activity has already had enough time to “turn off” near the Galactic plane.
However, the isolated late-type dMs (W11) have high activity fractions close to the
plane and continue to be active farther from the plane, indicating these stars re-
main active for longer. When examining the close WD+dM population, Figure 2.11
shows a larger activity fraction (when compared to the field population) of early-type
WD+dMs close to the plane and an elevated activity fraction decreasing steadily far-
ther from the plane, whereas almost no early-type field dMs were active farther from
the plane. These results provide evidence for extended yet finite activity lifetimes for
early-spectral type WD+dMs (M0-M3). For the late-type dMs, Figure 2.11 shows
that the close WD+dM activity fractions are similar to the late-type field dM pop-
ulation close to the plane and continue to be comparable at higher Galactic heights.
This similarity is interpreted as the late-type close WD+dMs and late-type field dMs
having the same or similar activity lifetimes. Coincidentally, M5 is just beyond the
spectral type where the onset of full convection occurs in the interior of dMs.
2.4.2 Activity strength vs. Galactic height
Figures 2.10 and 2.11 indicate that WD+dM with early-type dMs are more
likely to be active than their field counterparts, while late-type dMs in close WD+dM
pairs show little difference in their activity state compared to late-type field dMs.
Figure 2.12 examines the median activity strength (as measured by LHα/Lbol) of
the M dwarfs in WD+dM (filled red circles) in comparison to the median activity
strength in field dwarfs (open blue triangles, W11). The error bars represent the 25th
and 75th quartiles of LHα/Lbol in each bin. The activity strength in WD+dM pairs
follows the same trend that I find in the field dM sample (W11); the activity strength
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Fig. 2.12: Activity strength (as measured by LHα/Lbol) vs. dM spectral type. The data
are binned by spectral type and the median values of LHα/Lbol are plotted. The error
bars represent the 25th and 75th quartiles in that bin. Red filled circles represent binned
WD+dM and blue open triangles represent isolated dM from W11. There is a decrease in
activity strength for field dwarfs at late-type dMs as well as a decrease in strength for stars
in pairs. The difference in activity strengths between the two populations in the M6+M7
bin indicates that having a WD companion effects the activity strength but not the activity
fraction as was seen in Figure 2.10.
is constant in early spectral types until a spectral type of M5, when the activity
strength decreases. The median activity strength in the WD+dM pairs is slightly
larger (∼0.2 dex) than the median activity strength for the field dM population in
every spectral type bin. Similarly, the amount by which LHα/Lbol in WD+dM pairs
is larger than field dMs remains constant (log(LHα/Lbol)∼ +0.1 dex) until a spectral
type of M6+M7, where the difference in LHα/Lbol between WD+dM pairs and field
dMs becomes noticeably larger (log(LHα/Lbol)∼ +0.3 dex). This suggests that there
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is an increase in activity strength for later spectral types with close companions.
Unfortunately, there are not large enough numbers of late-type dMs (M8 and later)
to explore this trend further. To determine how similar the two (WD+dM and
isolated dMs) populations are to one another, I performed a two-sided Kolmogorov-
Smirnov test (KS test, Press et al. 1992) to determine whether the LHα/Lbol for
all the spectral type bins between the WD+dM and isolated dM populations can
be drawn from the same parent population. I found an 87.1% chance that the two
populations are significantly different. Figure 2.12 demonstrates that the activity
strengths, along with the activity fractions, are consistently stronger for dMs with
close WD companions.
Analogous to Figure 2.11, Figure 2.13 investigates how the median activity
strength (traced by LHα/Lbol) behaves as a function of Galactic height and spectral
type. I retain the same binning and formatting for Figure 2.13 that was used for
Figure 2.11. Figure 2.13 shows that the activity strength of the dMs in WD+dM pairs
remains consistently higher than the activity strength of field dMs with increasing
Galactic height for spectral types M0-M4. I calculated the KS test for M0+M1, M2,
M3, and M4 spectral type bins and found that there are 98.3, 66.2, 99.6, and 97.8%
chances, respectively, that the binary and field samples are drawn from different
parent populations. At spectral types ≥ M5, the activity strength in field dwarfs
decreases with increasing Galactic height (or age), a trend that is not as obvious in
the paired dMs. Using the KS test, I find a 99.8% likelihood that the two M5 samples
are drawn from different parent populations. Similar to M5, I see evidence that dMs
in WD+dM with spectral types M6+M7 have larger activity strengths than the field
dwarf counterparts. With only three bins, I was unable to verify the decreasing
activity strength with increasing Galactic height as seen in the M5 bins. Since there
are only three bins, I performed a KS test for the stars within each of the three bins.
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Fig. 2.13: Activity strength (as measured by LHα/Lbol) as a function of Galactic Height
for different dM spectral types. The filled red circles are the median LHα/Lbol values of the
bins of WD+dMs (each bin is required to have two or more stars). Isolated M dwarfs from
W11 are represented in blue open triangles. The error bars represent the 25th and 75th
quartiles of LHα/Lbol for each bin. The WD+dM exhibit higher activity strengths than
the field population across all spectral types. From spectral types M3-M5 there is a slight
decrease in the LHα/Lbol with increasing Galactic height for dM field populations, whereas,
there appears to be no such decrease with the WD+dM population. Also, at later-types
(M6+M7) there is a larger difference in the LHα/Lbol values between the two populations
than seen in earlier spectral types. A two-sided KS test found high significance that these
two (M6+M7) populations are drawn from a separate parent population.
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In order of increasing Galactic height, I found 98.9, 99.5, and 78.7% significance that
the two samples are drawn from different populations. Given the paucity of stars in
the sample with later spectral types, I can only speculate that the activity strength
appears to remain strong in the later spectral types and also possibly with increasing
height (or age). Figure 2.13 also suggests that there may be a shift in the behavior
of activity strength (as a function of spectral type and Galactic height) at spectral
type M5, coinciding with a change in the structure of dM interiors.
2.4.3 Activity & Activity Strength vs. Binary Separation
In Figure 2.14, I plot the fraction of active stars as a function of the dM spec-
tral type for three separate separation bins using my projected linear separations
(Section 2.3.3): ≤ than 0.1 au, 0.1-1 au, and 1-100 au. These separations are esti-
mates and useful for relative comparisons between the different separation bins but
are not reliable as absolute individual measurements. Stars with separations < 0.1
au (purple solid line, diamonds) tend to be more active than stars with separations
between 0.1-1 au (blue dotted line, triangles), which are in turn more active than
pairs with separations between 1-100 au (red dashed line, squares). I also include the
W11 (black dash-dotted line, solid circles) isolated dM sample to compare activity
behavior between the most widely separated pairs and the field sample. Figure 2.14
demonstrates that at early spectral types, the widest pairs are unlikely to be active
and they have similar activity fractions as the field dM population. Towards later
spectral types, the wide pairs appear to be more active than isolated stars, however,
this result is less robust due to the increasing uncertainty in the late spectral type bins
for the widest pairs. Figure 2.14 also shows that the difference in activity fractions
between the separation populations decreases with increasing spectral type. I see a
possible convergence of activity fraction in the later spectral type bins of M6+M7.
Once again, this convergence appears to begin at the M3/M4 transition to fully con-
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Fig. 2.14: Activity fraction for WD+dM versus spectral type grouped by projected, lin-
ear separation: ≤ 0.1 au (purple solid line, diamonds), from 0.1–1 au (blue dotted line,
triangles), 1-100 au (red dashed line, squares), and the W11 field dM population (black
dash-dotted, solid circles). In general, closer separated pairs tend to be more active than
wider pairs, and even the widest pairs have elevated activity levels compared to the field
population. The narrowing of the activity fractions in the three separation bins towards
later spectral types is significant and may provide evidence that close companions no longer
effect the activity state of late-type dMs.
vective interiors, which may indicate that a different mechanism is responsible for
generating the magnetic fields in late-type M dwarfs.
Figure 2.15 shows the log(LHα/Lbol) vs. log(binary separation) [au] for all active
pairs broken down by spectral type. For each spectral type bin, I performed a linear
least-squares fit to the data; the slope of each fit can be found on the corresponding
panel in Figure 2.15. I also performed a goodness-of-fit test (F Test) comparing
the linear least-squares fit to a fit using a constant line through the data. The
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Fig. 2.15: log(LHα/Lbol) vs. log(binary separation) for active dMs in close WD+dMs
pairs for each spectral type. The solid line shows the linear least-squares fit for each distri-
bution. All of the spectral types exhibit a negative slope (with the exception of the M7, an
inconsistency I attribute to the small numbers of pairs), implying higher magnetic activity
strengths in the dM for smaller binary separations. However, the linear least-squares fits
are not statistically significant and the data are consistent with a horizontal line.
significance values of the linear least-squares fits (as compared to a flat horizontal
line) were 53.2, 11.3, 23.8, 1.9, 10.1, 53.5, 54.2, and 31.0% for spectral types M0,
M1, M2, M3, M4, M5, M6, and M7, respectively. My results suggest that there is
no conclusive evidence that the binary companion increases the magnetic strength
of the dM in a way that correlates with binary separation. I found no distinct
change in log(LHα/Lbol) vs. log(binary separation) across the M3/M4 fully convective
boundary. From Figures 2.14 and 2.15, I see that the proximity between the WD+dM
pairs does not appear to strongly affect the strength of the dM chromospheric activity.
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2.4.4 WD Cooling Track Ages
Using the analysis described in Section 2.3.2, I was able to derive physical prop-
erties for 904 of the WDs, including Teff, mass, and cooling age (and their associated
uncertainties). The WD masses were used to calculate the system velocities as well as
the separations and periods of the pairs. I used the WD cooling ages as an alternative
proxy for the age of the WD+dM systems. The WD cooling ages are accurate to a
few 100 Myr for WDs with Teff < 25000K and accurate to ∼20% for WDs > 25000K;
the WD cooling ages do not take into account the progenitor lifetimes. Therefore,
the cooling ages are used in this study as a lower limit of the age and as a rough
guide to distinguish between old and young systems. The progenitor ages cannot be
determined for these systems as many of these pairs have close enough separations
that mass transfer may have occurred; a slight change in the WD mass will have a
significant effect on the estimated progenitor mass (and its main sequence lifetime;
e.g., Catalán et al. 2008a).
Figure 2.16, shows the WD cooling ages (Gyr) as a function of dM spectral type
for the the active pairs (top panel) and the inactive pairs (bottom panel). WDs with
log g errors > 0.4 and SNR < 5 were removed because of the large uncertainties in
the calculated WD cooling ages. Figure 2.16 shows that there is dearth of early-type
WD+dM pairs with active dMs in comparison to the inactive dMs. Beyond spectral
types of M4, both active and inactive pairs have a similar spread in WD cooling
ages. I performed KS tests for spectral type bins M0+M1, M2, M3, M4, M5, and
M6+7 and found that there is a 2.5, 1.7, 2.5, 82.3, 46.9, and 100.0% possibility,
respectively, that the active and inactive samples are drawn from the same parent
population. From the results of the KS test, I conclude that early-type, active dMs
in WD+dM pairs tend to have younger WD companions than the inactive sample.
I see less of a difference in the active and inactive populations in the late-type dMs.
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In the S06 study (in which they also used WD cooling ages), WD+dM pairs with
active dMs in well sampled spectral type bins tended to be younger on average than
WD+dM pairs with inactive dMs. My results argue that only the early-type (≤ M3)
active dMs appear to be younger on average.






















Fig. 2.16: M dwarf spectral type vs. WD cooling age (Gyr) as a function of activity
state. The top panel is the WD+dM pairs with active dMs and the bottom panel is the
WD+dM pairs with inactive dMs. There is a dearth of old, active, early-type dMs in
WD+dM pairs, indicating that dM activity lifetimes are short-lived as is seen in the field
dM population (W08). By visual inspection there is no difference in the WD cooling ages
spanned by the active and inactive late-type dMs. A KS test for the spectral type bins
M0+M1, M2, M3, M4, M5, and M6+7 found that there is a 2.5, 1.7, 2.5, 82.3, 46.9, and
100.0% possibility, respectively, that the active and inactive populations are drawn from
the same parent population. Thus, for early-type WD+dM pairs, the active population
is distinct from the inactive population, but there is no such difference for the late-type
WD+dM populations. S06 conducted a similar study and also found a dearth of active
early-type dMs in WD+dM pairs.
I note that there were three active, early-type WD+dM pairs that exhibited old
WD cooling ages, which was inconsistent with the rest of the sample. I suspect that
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Fig. 2.17: WD cooling age vs. absolute Galactic height (left panel) and WD cooling
age vs. distance (right panel). The methods used to calculate WD cooling ages (Gyr),
absolute Galactic Heights (pc), and distances (pc) can be found in Sections 2.3.2, 2.3.3, 2.3.3,
respectively. The cluster of young WDs (WD cooling age ∼ 0.0) with a large spread in both
Galactic height (left panel) and distance (right panel) indicates that my sample is biased
towards WD+dM systems with young, bright WDs that I am capable of seeing at large
distances. Galactic height and distance are roughly equivalent properties due to the SDSS
footprint, which focuses on the Northern Galactic cap. The WD+dM pairs with distances
≤ 300 pc span the entire range of WD cooling ages and are likely unaffected by the selection
bias.
the two pairs in the M0/M1 and M2 spectral type bins were active due their very
small separations (∼ 0.05 au; see Figure 2.14). The WD+dM pair in the M3 spectral
type bin did not have as small of a separation (∼ 0.17 au), however, it is possible
that an inactive dM was observed during a flare event (Kowalski et al. 2009).
In Figure 2.17, I plot the WD cooling age against the absolute Galactic height
(Figure 2.17; left panel) and distance (Figure 2.17; right panel). Both the WD
cooling ages and Galactic heights are proxies for the age of the binary system and
I expected to see a linear relationship in Figure 2.17 (left panel), albeit with some
scatter. However, instead of the expected linear relationship, I identified a potential
selection bias; there is an overdensity of systems with small WD cooling ages that
span a large range of Galactic heights. Figure 2.17 suggests that my sample is biased
towards systems that are younger; young WDs are intrinsically brighter and are easier
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to observe farther away. Due to the SDSS footprint (which focuses on the Northern
Galactic cap), distance and absolute Galactic height are roughly equivalent. The
similarity between Galactic height and distance can be seen in similar trends between
the left and right panel of Figure 2.17. Thus, the distribution seen in Figure 2.17
(left panel) is due to an oversampling of the bright, young WD components that are
more easily observed and can be found at farther distances. I will discuss the possible
implications of this selection effect in more detail in Section 2.5.
2.4.5 Very Close Binary Pairs
In my sample of 1756 pairs, 1347 had individual exposures available in SDSS
DR7 that were accessible to us from previous analyses (W11). I found 37 objects
that showed strong evidence of large changes in RV in small time intervals. The RVs
and LHα/Lbol were calculated in the same way as was described in Section 2.3.3 and
Section 2.3.3, respectively. The objects’ primary identifiers, median change in RV,
median error in the change in radial velocity (constrained using the method described
in Section 2.3.3), and the median change in time in between exposures are reported
in Table 2.4. As well as being interesting for studying the variability of WD+dM
activity, these objects are excellent candidates for studying very close binary pairs,
mass accretion (e.g., Hartigan et al. 1995), eclipsing binaries (e.g., Pyrzas et al. 2009,
2012; Parsons et al. 2012), and pre-cataclysmic variables (e.g., Schreiber & Gänsicke
2003; Tappert et al. 2009). These objects are promising candidates for follow-up
observations.
Two of the most interesting of the 37 objects can be found in Figure 2.18.
For each pair, I plot the dM (triangles) and WD (squares) relative radial velocities
vs. time elapsed since the first observation (hours). As discussed above, the WD
RV values have larger uncertainties associated with them due to the broad WD
absorption lines. Figure 2.18 also shows the LHα/Lbol vs. time elapsed in the bottom
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Table 2.4. Very close WD+dM candidate pairs
SDSS ID Plate MJD Fiber # of ∆RV σ∆RV ∆t s
Exposures (km s−1)1 (km s−1)2 (hours)3 (au)4
SDSS J001726.6−002451.2 687 52518 153 3 42.1 10.7 0.281 0.1564
SDSS J002157.9−110331.6 1913 53321 257 8 334.4 16.3 143.625 0.0227
SDSS J005245.1−005337.2 394 51812 96 5 42.1 19.7 0.281 0.0115
SDSS J015225.4−005808.65 1504 52940 83 3 219.0 8.0 0.375 0.0758
SDSS J023938.0+273654.1 2444 54082 149 10 106.4 32.5 0.375 0.0109
SDSS J030138.2+050219.06 2307 53710 140 3 64.9 14.2 0.469 0.1476
SDSS J030308.4+005444.17 709 52205 524 4 330.9 10.0 0.375 0.0088
SDSS J073003.9+405450.1 2683 54153 224 6 26.3 6.7 0.375 0.0076
SDSS J073455.9+410537.5 2683 54153 507 6 31.1 9.7 0.375 0.0282
SDSS J075325.9+164132.8 1921 53317 177 3 70.5 14.9 0.281 0.0118
SDSS J075919.4+321948.5 890 52583 631 4 51.1 10.8 0.281 0.0955
SDSS J080031.6+072639.3 2076 53442 335 7 22.8 21.0 0.375 0.0487
SDSS J082022.0+431411.1 547 52207 59 7 96.7 8.1 1.031 0.0491
SDSS J085336.0+072033.5 2332 54149 569 4 138.2 12.6 0.375 0.0126
SDSS J094103.0+523257.4 2404 53764 141 4 28.3 16.3 0.562 0.0245
SDSS J101046.9+171348.9 2587 54138 482 4 37.3 26.3 0.281 0.0252
SDSS J104057.5+083421.6 2147 53491 314 3 46.3 12.1 0.281 0.0421
SDSS J105133.4+663401.1 490 51929 439 7 71.2 31.7 0.281 0.1345
SDSS J112909.5+663704.4 491 51942 149 9 31.1 13.0 0.281 0.0584
SDSS J113655.2+040952.7 837 52642 12 3 136.1 16.1 0.281 0.4626
SDSS J113829.1+202040.2 2506 54179 377 4 34.5 19.8 0.281 0.0372
SDSS J114312.6+000926.5 283 51584 433 4 37.3 19.7 0.281 0.1700
SDSS J120455.4+133715.7 1764 53467 139 4 69.8 18.9 0.469 0.0706
SDSS J123139.8−031000.3 334 51993 61 4 33.2 12.9 0.281 0.0206
SDSS J123942.1+483038.0 1455 53089 379 3 591.4 72.6 0.281 0.0091
SDSS J132341.9+541636.6 1040 52722 628 3 43.5 13.5 0.281 0.2538
SDSS J135931.9+054420.6 1808 54176 203 4 61.5 9.2 0.375 0.0903
SDSS J143547.9+373338.6 1382 53115 342 3 102.9 14.4 0.281 0.0559
SDSS J143628.6+145933.5 2748 54234 427 3 56.0 23.7 0.281 0.2509
SDSS J150700.5+481136.6 1330 52822 286 3 36.6 10.1 0.188 0.2928
SDSS J160645.0+284726.0 1578 53496 104 3 19.3 10.6 0.281 0.0921
SDSS J164615.6+422349.3 628 52083 629 4 76.7 32.6 0.281 0.0342
SDSS J211205.3+101428.0 728 52520 171 3 237.7 21.1 0.281 0.0461
SDSS J213945.2+102904.7 732 52221 276 3 16.6 10.5 0.281 0.1849
SDSS J224038.4−093541.4 722 52224 144 4 82.2 23.1 0.281 0.0828
SDSS J224139.0+002711.0 1901 53261 471 8 24.2 17.7 0.375 0.0272
SDSS J232217.4−005725.4 680 52200 211 3 85.7 30.5 0.281 0.1451
1I calculated the change in radial velocities from one exposure to another (most observations were taken in
succession). ∆RV is the median of the changes.
2I report in this column the calculated the uncertainty in the reported ∆RV using each exposures individual
radial velocity measurement and uncertainty. In order for the pair to be a very close WD+dM candidate ∆RV >
σ∆RV.
3The time (hours) in between exposures for the reported ∆RV.
4Projected linear separation as defined in Section 2.3.3. Recall that the separations presented in this paper are
upper limits.
5This system was identified as a close binary system in Nebot Gómez-Morán et al. (2011) and has a measured
spectroscopic orbital period of 2.2h.
6This system was identified as a close binary system in Nebot Gómez-Morán et al. (2011) and has a measured
spectroscopic orbital period of 12.9h.
7This system was identified as a eclipsing binary in Pyrzas et al. (2009)
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panel. Portions of each spectra containing the 8183Å and 8194Å Na I absorption
doublet and the Hα line are included to provide further evidence for my radial velocity
calculations. The vertical bars indicate the predicted location of the sodium doublet
after being corrected to the measured system radial velocity. The fluxes of the spectra
are normalized and offset for visualization purposes.
The top right panel of Figure 2.18 shows the dM RV for SDSS
J015225.39−005808.6 changing by ∼200 km s−1 over the course of an hour, along
with a corresponding change in the WD RV by ∼100 km s−1. Previous stud-
ies have identified SDSS J015225.39−005808.6 as a very close binary system with
a spectroscopically determined orbital period of 2.2h (Nebot Gómez-Morán et al.
2011). In the bottom plot of Figure 2.18, I see that the measured dM RV for SDSS
J075919.42+321948.5 increases by ∼200 km s−1 over an hour while the WD RV de-
creases by the same amount. I am likely seeing a significant component of the orbital
motion in this pair in a short amount of time. Previous studies have also identified
SDSS J075919.42+321948.5 as a very close binary system and candidate eclipsing
binary (Nebot Gómez-Morán et al. 2011). I suggest that the objects found in Ta-
ble 2.4 are promising candidates for followup studies pertaining to mass accretion
(e.g., Hartigan et al. 1995) or eclipsing binaries (e.g., Pyrzas et al. 2009, 2012; Nebot
Gómez-Morán et al. 2011; Parsons et al. 2012).
2.5 Discussion
I investigated how the magnetic activity of dMs in close WD+dM systems com-
pares to that in the field population (W11). In Figure 2.10, I found the activity
fraction in WD+dM pairs was higher than in isolated field dMs across all spectral
types up to M7. I propose that the increased activity seen in WD+dM pairs is due to
faster-than-normal rotation in the paired dMs. Many studies have correlated stellar
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Fig. 2.18: Two examples of the very close WD+dM pairs. Upper left panels: dM relative
radial velocity vs. time elapsed since first observation. The black triangles are the dM radial
velocity measurements while the squares are the WD radial velocity measurements. Lower
left panel: LHα/Lbol for each exposure. Middle panel: The 8183Å and 8194Å Na absorption
lines from the dM for each exposure. The vertical bars indicate the radial velocity corrected
location of the respective spectrum’s Na I doublet lines, while the dashed lines indicate the
rest wavelength of the Na absorption doublet (8183Å and 8194Å ). Right panel: The dM
spectrum centered on the Hα line. The fluxes in the middle and right panel are normalized
and offset.
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activity with rotation in main-sequence solar type stars to mid-to-late dM spectral
types. These have found that larger rotation velocities correlate with more activ-
ity (e.g., Skumanich 1972; Pallavicini et al. 1981; Noyes et al. 1984b; Delfosse et al.
1998; Pizzolato et al. 2003; Browning et al. 2010; West et al. 2015). Thus, through
disk-disruption, tidal effects, and/or angular momentum exchange, I suspect that the
rotation of the dMs in close WD+dM binary systems are faster than that in typical
field dMs.
Meibom et al. (2007) argued that disk disruption during the early stages of
stellar dynamical evolution, which prevents or limits angular momentum dissipation
and spin-down of the dM, is more likely the culprit than is tidal synchronization.
They found no correlation between stellar rotation and orbital period or eccentricities
among stars in the young (∼150 Myr) M35 open cluster. In addition, Meibom
et al. (2007) offered the suggestion that perhaps the observed faster rotation in close
binaries could be due to the varying amounts of intrinsic angular momentum present
during the formation and very early evolution of the closest binary stars versus single
stars.
Previous studies (e.g., S06) also found that early-type dMs (≤ M4) with a close
WD companion have higher activity fractions than isolated field dwarfs. Due to the
small number of stars with spectral types ≥ M5, S06 were unable to investigate the
activity fractions of late-type WD+dMs in comparison with field dwarfs from W08.
My results for the early-type dMs agree with the results of S06 and my statistics
are better with over 70,000 field dMs from W11 as well as 1237 WD+dMs with
reliable activity properties from my sample (compared to 661 WD+dMs with activity
properties from S06). The S06 study also lacked sufficient numbers to explore the
activity fractions in spectral types ≥ M5 with any statistical significance. I have
extended the activity fraction analysis in close WD+dM pairs to spectral types ∼
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M7. I show with statistical significance that the trend of higher activity fractions for
dMs in WD+dM pairs in comparison to field dMs extends at least to spectral types
of M7 (Figure 2.10).
An interesting feature worth noting from Figure 2.10 is the convergence between
the active fractions of binary and single dM populations towards later spectral types.
Figure 2.10 shows that the activity fraction in later spectral type dMs with close bi-
nary companions is not increasing as quickly as for field dMs seen by W11. If the
two samples truly converge at spectral types ≥ M7, as Figure 2.10 suggests, then
activity of late-type dMs in close WD+dM pairs increases by a smaller amount in
comparison with field dMs. Due to the long lifetimes of M dwarfs and the fact that
their activity state is correlated with their location in the Galaxy (a proxy for age),
it is more appropriate to analyze their activity fraction within the proper Galactic
context (Kowalski et al. 2009; Hilton et al. 2010; W08, W11). Figure 2.11 shows
that dMs in close WD+dM pairs have an increased likelihood of being active. I
assume that the main distinguishing property between dMs with close WD compan-
ions and field dMs is that the former have more rapid rotation (magnetic locking,
disk disruption, tidal effects, or angular momentum exchange) than we might expect.
This implies that the mechanism driving magnetic field generation in late-type dMs
may be less sensitive to rotation than the α-Ω-dynamo thought to be responsible for
magnetic fields in stars with masses greater than ∼ 0.33 M⊙. Previous theoretical
studies have developed approaches for generating magnetic fields in fully convective
stars that are correlated with rotation (Chabrier & Küker 2006; Browning 2008).
Observationally, a few studies have suggested that the correlation between rotation
and activity in fully convective stars may not be as strong as theory predicts (West &
Basri 2009; Reiners et al. 2012). Both West & Basri (2009) and Reiners et al. (2012)
provide observations of moderately rotating (≥ 3.5 km s−1), late-type dMs without
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any observable magnetic activity. While some of these previous results may be spuri-
ous, due to low SNR spectra or other systematics, they offer a tantalizing possibility
about the limited role of rotation in generating magnetic activity in late-type dMs.
More convincingly, West et al. (2015) showed that magnetic activity (measured by
Hα in emission) in late-type dMs (M5-M8) appeared to “turn off” at stellar rotation
periods longer than ∼86 days, whereas early-type dMs (M1-M4) were no longer able
to maintain magnetic activity at rotation periods longer than ∼26 days. The result
from West et al. (2015) confirms that the mechanism driving magnetic field gen-
eration in late-type dMs differs from the mechanism in early-type dMs (solar-type
dynamo) and is less sensitive to stellar rotation period.
Figure 2.11 also examines the time evolution of magnetic activity, where Galac-
tic height was used as a proxy for the approximate age of the system. I assume all
of the stars are formed close to the mid-plane of the Galaxy and over their lifetimes
are systematically able to move farther from the plane due to dynamical interac-
tions. Figure 2.11 shows that the activity fraction is significantly larger across all of
the Galactic height bins, indicating that not only are the early-type WD+dMs more
likely to be active than the field population, but also have longer activity lifetimes
(see W08). While the activity lifetimes in early-type WD+dMs may indeed be longer
lived, Figure 2.16 (WD cooling ages as a function of spectral type for the active and
inactive dMs) shows that there is a dearth of older, active, early-type dMs.
The cooling age analysis, in addition to the fact that not all early-type dM are
active, indicates that early-type dMs in close WD+dM binary pairs still have finite
active lifetimes (also seen in S06). This result is expected and agrees with the idea
that dMs in WD+dM pairs are rotating faster (with respect to field dMs) and still
contain a solar-like α-Ω dynamo. However, for the late-type WD+dMs (≥ M5), the
difference in the activity fractions becomes less obvious. In the M5 panel of Fig-
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ure 2.11, the WD+dM pairs trace the activity fraction of the field dMs very well,
implying that the presence of a close WD companion no longer has an appreciable
effect on the activity of dMs with spectral types ≥ M5. Not only is the activity frac-
tion consistent between the two populations at spectral type M5, but this similarity
implies that the activity lifetimes are comparable between the two populations. This
is corroborated by the WD cooling age analysis (Figure 2.16), where the active and
inactive late-type WD+dM pairs appear to be drawn from the same parent distri-
bution with higher confidence (82.3, 46.9, and 100.0% for spectral type bins M4,
M5, and M6+7) compared to the early-type WD+dM pairs (2.5, 1.7, and 2.5% for
spectral type bins M0+M1, M2, and M3). With my assumption that dMs in close
WD+dM pairs are rotating faster than the field population, this result suggests that
rotation is not as important in the activity state of late-type paired dMs. Evidence
for this trend continues into the M6+M7 spectral types. Figure 2.11 suggests that
whatever the driving mechanism for magnetic field generation in late-type dMs, it
may not be affected by a close binary companion, or even more dramatically, by
rotation. The absence of enhanced activity in late-type WD+dM systems can also
be explained if the rotation-activity relation extends to slower rotation periods as is
seen in West et al. (2015). In this case, late-type dMs in close WD+dM pairs are
rotating faster than their single counterparts. However, magnetic activity persists
for much slower rotation periods than it does in early-type dMs (e.g., Pizzolato et al.
2003; Browning et al. 2010; West et al. 2015), explaining the similarity in activity
fractions between the field dMs and WD+dM pairs.
Figure 2.17 shows that my sample may be biased towards younger systems,
where both components are intrinsically brighter and easier to observe at greater
distances. I, therefore, may be oversampling young WD+dM pairs, which (at least
for early-type dMs) tend to be more active, as seen in Figures 2.11 and 2.16. Bins
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of higher Galactic height (given the SDSS lines-of-sight are concentrated near the
Northern Galactic Cap) will then be preferentially oversampled by active WD+dM
stars simply because they are brighter and easier to observe, tending to falsely inflate
the activity fractions in the more distant Galactic height bins. I examined this
potential selection effect by remaking Figure 2.11, but only including WD+dM pairs
with distances ≤300 pc, where I would be sensitive to WD+dM pairs of all WD
cooling ages (Figure 2.19). I chose to cut on distances ≤300 pc because of the
smooth sample distribution seen below this cutoff distance (see Figure 2.17; right
panel). The distance cut reduced my sample to 892 WD+dM pairs, which has the
consequence of enlarging the uncertainties in many bins. Figure 2.19 shows similar
behavior to Figure 2.11, namely increased activity fraction in the early-type dMs in
WD+dM and similar activity fractions between the late-type WD+dM and field dM
populations. The trend of decreasing activity with Galactic height is somewhat lost
in the M2 and M3 spectral type bins due to the small sample and the fact I am
sampling a smaller range of Galactic heights. I conclude that having a preferential
selection bias towards brighter and therefore younger systems at large distances does
not lead to a qualitative difference in my results.
In Figures 2.10 and 2.11, I explored the behavior of the activity state (and activ-
ity lifetimes) of dMs with close WD companions. I found evidence that the presence
of close companions increases the likelihood that a star is active and extends the
activity lifetimes of early-type dMs. However, for late-type dMs, close companions
did not have much of an effect on the activity and activity lifetimes of late-type dMs.
I used Figure 2.12 to make an analogous study, except exploring activity strength
(via LHα/Lbol) of close WD+dM pairs in comparison to the field dM population.
In Figure 2.12, the median activity strength of the active WD+dM population is
slightly higher across all spectral types in comparison to the field dM population.
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Fig. 2.19: Fraction of active stars as a function of absolute Galactic height (pc) for each
spectral type for stars with distances < 300 pc. The distance selection was introduced to
test the severity of the selection bias identified by Figure 2.17. In general, the lack of distant,
young systems does not affect the activity fractions and I conclude that the selection bias
does not significantly change my results.
Also, LHα/Lbol is shown to remain relatively constant at approximately LHα/Lbol =
10−3.7 from spectral types M0-M4; a trend that is consistent with the field dM pop-
ulation (Burgasser et al. 2002; Gizis et al. 2002; W04). Towards the later spectral
types (≥ M5), there is a decrease in activity in both populations (also seen in previ-
ous studies, Gizis et al. 2002; West et al. 2004, 2006; W11). In the M6+M7 spectral
type bin I see a distinctly larger difference in LHα/Lbol between the two populations.
The question is whether the M6+M7 result is real or simply due to a small number
of stars in the M6+M7 spectral type bin. If it is a real result, then it could possibly
provide some interesting insight into the magnetic field generation in stars with fully
convective envelopes.
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Figures 2.10 and 2.11 show that the activity state in later spectral types does
not seem to be affected by having a close binary companion, however, the strength
of activity might be amplified by the WD. If having a close companion imparts a
larger rotation to the dM, then I could be seeing that rotation in later spectral
types influences the strength in activity, but has less of an effect on the likelihood
of activity. In other words, rotation may play a limited role establishing magnetic
activity but may have an effect on the strength of the chromospheric heating.
Figure 2.13 puts strength for each spectral type bin in the proper Galactic con-
text. Figure 2.13 shows that the LHα/Lbol for M0+M1 and M2 dwarfs appears to be
mostly flat for both the WD+dM and field populations for most Galactic heights, but
that the field dMs at spectral types of M3 and M4 show a slight decrease in activity
with increasing Galactic height. There is no clear trend of decreasing LHα/Lbol with
Galactic height seen in spectral types M3-M4 for the WD+dM population. At spec-
tral types of M5, there is a large decrease in overall activity strength in both pop-
ulations, and a distinct decline in LHα/Lbol with increasing Galactic height in the
field population, a trend that is indicative of activity strength decreasing with age.
There is no apparent trend in the WD+dM population that shows a decrease in
LHα/Lbol with Galactic height as seen in the field dMs. While there are only a few
objects in the M6+M7 bin, it is curious that there is a fairly large difference in activ-
ity strength between the two populations, as was identified in Figure 2.12. I reiterate
that this could be evidence for close companions affecting the activity strength in dMs
but not increasing the likelihood of activity or the lifetime of activity (Figure 2.11).
I have shown evidence that close companions have an effect on both the activity
state and activity strength in dMs. As was discussed in Section 2.3.3, I have an
approximate measure for the separation for which I can investigate the effect of
separation on the activity of dMs. Figure 2.14 is presented in the same way as
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Figure 2.10, where the activity fraction for the WD+dM population is shown as
a function of spectral type. The active WD+dM population is further split into
three separate separation bins, those less than 0.1 au, 0.1-1 au, and 1-100 au. These
separations bins were chosen to ensure good statistics in each spectral type bin and
roughly trace out the regimes of tidal effects, tidal effects and/or disk disruption,
and disk disruption only, respectively. In comparing Figure 2.14 to Figure 2.10, the
activity fraction across the spectral types follows the same trend for each separation
bin as it did for the total population: low activity fractions in early spectral types and
increasing activity fractions toward the later spectral types. I find that the closer
separated pairs are more active than the wider separation pairs, while the widest
pairs are still more active (and likely to be active) than their field counterparts. I also
report an interesting trend that is seen at the later spectral types, where the active
fractions for three different separation populations, as well as the field population
appear to converge. Together with other results in this chapter, I suggest that the
mechanism driving magnetic fields in late-type dMs becomes decreasingly sensitive
to the presence of a close companion, which I have interpreted as an insensitivity to
rotation (West et al. 2015). However, Figure 2.15 shows that while every spectral type
bin shows signs of decreasing activity with increased separation, a linear least-squares
fit is only at most 50% significant over a flat horizontal line drawn through the data for
each spectral type. Figure 2.14 shows that the activity state is highly dependent on
the separation of the WD+dM binary system while Figure 2.15 shows that evidence
for a correlation between activity strength and separation of the WD+dM binary
system is inconclusive. As a result of my study, the compilation of the WD+dM
sample, I have found a number of objects that show convincing signs of being in a very
tight binary system. I have identified 37 objects in Table 2.4 that may be valuable
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to the astronomical community in studying dynamics of close binary systems, mass
accretion, eclipsing binaries, and pre-cataclysmic variables.
2.6 Summary
Using close WD+dM pairs, I investigated the magnetic activity properties of
M dwarfs in WD+dM pairs. I used SDSS DR8 spectra of unresolved binaries and
developed an iterative procedure to separate the two spectral components in 1756
high SNR WD+dM pairs. I used the Hα line as an indicator of magnetic activity and
both absolute Galactic height (pc) and WD cooling models to examine the activity
properties as a function of age. Both the activity state and the activity strength
(via LHα/Lbol ) as a function of separation were investigated, using approximate
binary separations found from the dM and WD component radial velocities. Below,
I summarize the findings of this chapter.
1. I built upon previous close WD+dM investigations (Raymond et al.
2003; S06; Rebassa-Mansergas et al. 2010) and compiled a sample of 1756 high
SNR close WD+dM pairs.
2. I calculated numerous parameters for my sample including: dM spectral type,
WD effective temperature, WD surface gravity, WD and dM relative radial ve-
locities (km s−1), the system radial velocity through space (km s−1), Galactic
height above the plane (pc), approximate distance to the system (pc), approx-
imate binary separation (au), period of binary (days), activity (as traced by
Hα), and LHα/Lbol, and WD ages from cooling models.
3. I confirmed that paired dMs are more active than field dwarfs for early dM
spectral types but then become comparable in their activity fractions at later
spectral types. This supports to the notion that the mechanism that generates
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magnetic fields in late-type dM stars may be different than the mechanism in
early-type stars, and that it may be relatively unaffected by the presence of a
close companion.
4. The activity lifetimes of early-type paired WD+dMs are longer than for field
dMs, but still shows signs of decreasing activity with increasing Galactic height,
implying a finite lifetime. However, late-type paired dMs have lifetimes con-
sistent with the lifetimes found in isolated late-type dMs. WD cooling ages
show that early-type active dMs in WD+dM pairs are on average younger and
part of a distinct population compared to inactive early-type dMs in WD+dM
pairs. In contrast, the late-type active dMs in WD+dM pairs span a broader
range in age and are indistinct from the late-type inactive dMs in WD+dM
pairs.
5. I found that the median activity strength in WD+dM pairs is larger at every
spectral type when compared to the field dM population. When analyzing ac-
tivity strength in the proper Galactic context, I find that for spectral types
M0-M2, LHα/Lbol remains constant for both populations; M3-M4 field dMs ex-
hibit a decreasing LHα/Lbol with increasing Galactic height, while WD+dMs
do not exhibit a decreasing trend and are still elevated in LHα/Lbol in com-
parison with the field population; M5 field dMs again exhibit a decreasing
LHα/Lbol with Galactic height, again not seen in WD+dMs , M6+M7 field
dMs show a significantly lower LHα/Lbol than in earlier spectral types while
M6+M7 did not decrease in LHα/Lbol as significantly as the field population.
6. The closer the separation between WD+dM (and presumably any X+dM sys-
tem) the more likely the dM is to be active.
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7. The activity strength in WD+dMs shows no conclusive evidence for being de-
pendent upon the proximity of the binary companion.
8. I present 37 very close pair candidates which exhibit significant radial velocity
changes on hour timescales.
In investigating the activity properties of M dwarfs with close WD companions,
I found some interesting trends occurring near the transition at which dMs become
fully convective. Spectral types ranging from M0-M7 have been shown to exhibit
higher activity fractions than the field dM population (Figure 2.10). However, a
possible convergence between the WD+dM and field dM population is seen at later
spectral types. When put in the proper Galactic context, I show that early-type
WD+dMs still exhibit higher activity fractions as well as extended (albeit finite)
activity lifetimes when compared to the field population. Beginning at spectral type
of M5, I find that the activity behavior in WD+dM becomes very similar to that of the
field population; both in activity fractions and lifetimes. This change conveniently
occurs around the proposed ∼M4 transition to fully convective envelopes. I argue
that the primary difference between the WD+dM and the field population is that
the rotation of the dM is being sped up by the presence of a close WD companion;
most likely through the destruction disk and thus reducing accretion driven winds or
magnetic braking in the dM and preventing rapid spindown (Meibom et al. 2007).
The decrease in activity with the supposed increased rotation in late-type WD+dM
implies that the magnetic field generation mechanism is not as sensitive to rotation as
in early-type M dwarfs (e.g. West et al. 2015). I find that the activity strength does
seem to increase in the presence of a WD companion in late-type WD+dM. I have also
shown that LHα/Lbol increases with the proximity of the binary companion. With
my results, I suggest that rotation in late-type dMs has a bimodal effect; rotation
85
may play less of a role in establishing magnetic activity but does have an effect on
the strength of the magnetic activity.
There are, however, alternative solutions. The first one being that rotation
is important for activity and the proximity of a close binary companion is not a
reliable indicator of the dM being “sped” up in comparison to a field dM. Another
solution is that at later spectral types, there is a lower rotation threshold that sets
the activity and most of the late-type stars in both the populations are above that
threshold. This solution is supported by the result of West et al. (2015), where the
authors find that magnetic activity in late-type dMs is able to be sustained at much
slower rotation periods than in early-type dMs. However, some contention remains,
as West & Basri (2009) presented field M7 dMs with significant rotation but no
measured activity. Also, Hα emission can be induced on the dM by the irradiation of
a hot WD companion in close binary systems (e.g. Tappert et al. 2011; Parsons et al.
2012). However, the effects of the irradiation only becomes significant for systems
with WD Teff > 45, 000K (Tappert et al. 2011). Only 78 (4%) of my sample have
Teff ≥ 45,000 K with the majority having Teff between ∼ 10000K and ∼25000 K.
Hence, Hα emission in dM induced by WD irradiation is expected to be negligible
for 96% of my sample; I expect it to have little effect on the results presented in this
chapter.
This chapter explored how close companions affect the “quiescent” magnetic
activity of M dwarfs in a variety of different ways. The next chapter will use time-
series data of a subset of the WD+dM sample presented in this chapter to investigate




Using Close White Dwarf + M Dwarf
Stellar Pairs to Constrain the Flare Rates in
Close Stellar Binaries
This chapter focuses on the statistical flare rates of M dwarfs (dMs) with close
white dwarf (WD) companions (WD+dM; typical separations < 1 au). In Chapter
2, my analysis demonstrated that dMs with close WD companions are more magnet-
ically active than field counterparts. One likely implication of having a close binary
companion is increased stellar rotation through disk-disruption, tidal effects, and/or
angular momentum exchange; increased stellar rotation has long been associated
with an increase in stellar activity. Previous studies show a strong correlation be-
tween dMs that are magnetically active (showing Hα in emission) and the frequency
of stellar flares. In this chapter, I examine the difference between the flare rates ob-
served in close WD+dM binary systems and those in field dMs. My sample consists
of a subset of 181 close WD+dM pairs from Chapter 2 that were observed in the
Sloan Digital Sky Survey Stripe 82, which contains multi-epoch observations in the
Sloan ugriz-bands. I discuss how my results constrain both the single and binary dM
flare rates. My results also constrain dM multiplicity, our knowledge of the Galactic
transient background, and may be important for the habitability of attending planets
around dMs with close companions.
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This chapter is based on the paper “Using Close White Dwarf + M dwarf Stellar
Pairs to Constrain the Flare Rates in Close Stellar Binaries” by Morgan et al. (2016,
AJ 151:44), which was published in the Astronomical Journal and reproduced here
in accordance with the guidelines of the American Astronomical Society.
3.1 Background
As discussed in Section 1.1.3, M dwarfs are capable of producing flares with 100-
1000 times more energy than the largest Solar flares (Hilton 2011). In dMs, these
flares manifest themselves as an increase in optical and ultraviolet (UV) continuum
emission equivalent to a 10,000 K blackbody (Hawley & Pettersen 1991; Kowalski
et al. 2015). The flares are thought to occur during magnetic reconnection events,
which inject magnetic energy into the atmosphere of the dM and can be observed
from the X-ray to the Radio (see Section 1.1.3 for more details). With the advent of
large all-sky surveys like SDSS, Kowalski et al. (2009, hereafter K09) characterized
the flare properties of populations of dMs utilizing the Sloan Digital Sky Survey
(SDSS) Stripe 82 (hereafter S82) catalog. S82 is a small region of the sky (∼275
deg2) observed multiple times by SDSS over a ten year baseline. K09 reported 271
flares from 2.5 million individual observations, estimating an dM Galactic flare rate
for the field dMs of 1.3 flares hr−1 deg−2 (for flares ∆u ≥ 0.7 and u < 22). The
K09 study was aimed at field dMs, but my findings from Chapter 2 suggested that
close companions may have an effect on the flaring properties of the dM (as well
as the quiescent activity already shown in Chapter 2). No analogous study on the
statistical flare properties of dMs in close binary pairs has been completed prior to
the analysis presented in this chapter.
In this chapter, I extended the study of magnetic activity from Chapter 2 to
include flares around close WD+dM pairs using the SDSS S82 time-domain catalog.
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In accordance with WD+dMs having a higher fraction of magnetic activity (as mea-
sured by Hα; Chapter 2), I expect to find a higher fraction of flares around WD+dMs
when compared to the field dM flare study from SDSS S82 (K09). In this Chapter,
I carefully select a WD+dM sample from S82 to ensure it was comparable to the
field dM sample of K09. I use the WD+dM flare rates as proxies for binary dM
flare rates and compare them to those of isolated dMs. I examine the flare rates
as a function of spectral type, flare energy, and binary separation. This analysis
directly address question 2, 3, & 4 posed in Section 1.4. In addition, I discuss the
important implications of WD+dMs flaring more frequently (and at higher energies)
than field dMs would have on the potential habitability of circumbinary exoplanets
(Doyle et al. 2011; Welsh et al. 2012; Orosz et al. 2012a; Kostov et al. 2013), as well
as the Galactic transient background.
Understanding how frequently flares occur and the amount of energy released in
dM flare events is important in constraining the space weather environments around
dMs. High energy radiation and particles from flares and associated Coronal Mass
Ejections (CMEs; e.g., Aarnio et al. 2011; Kay et al. 2016) may have adverse effects
on the habitability of exoplanets by altering the size and composition of atmospheres,
or by directly damaging DNA (e.g., Khodachenko et al. 2007; Lammer et al. 2007;
Scalo et al. 2007). It is crucial that we understand the flaring frequency, magnetic
activity, and space weather environments of the host stars. This is particularly
important for low-mass stars given the high predicted frequency of Earth-like planets
in the habitable zones of M dwarfs (∼15%; Dressing & Charbonneau 2013; Ballard &
Johnson 2016; Dressing & Charbonneau 2015; Berta-Thompson et al. 2015). If dMs
in close binaries are observed to flare more frequently and for longer durations over
their stellar lifetime (as evidenced by extended activity lifetimes in WD+dM pairs;
Chapter 2), any attending circumbinary planets around a dM with a close binary
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companion will experience far harsher radiation environments for longer. Increases
in magnetic activity and flaring may not be isolated to stellar binaries; preliminary
evidence suggests that dMs with giant close-in planets can also cause an increase
magnetic activity (seen in the X-ray; Poppenhaeger & Schmitt 2011; Poppenhaeger
& Wolk 2014).
Additionally, many of the short-lived optical transients in time-domain surveys
are Galactic dM flares (e.g, Becker et al. 2004; Rykoff et al. 2005; Kulkarni & Rau
2006; Rau et al. 2008; Berger et al. 2013), and thus, contribute significant noise (or
signal for some) to the Galactic and extragalactic transient background. These tran-
sients are of particular importance for time-domain surveys such as the Panoramic
Survey Telescope & Rapid Response System (Pan-STARRS; Kaiser 2004) and the
upcoming Large Synoptic Survey Telescope (LSST Science Collaborations; LSST Sci-
ence Collaboration et al. 2009), which are interested in extragalactic transient phe-
nomena such as Novae (normal, sub-luminous, and super-), high-energy transients
(gamma-ray bursts and X-ray flashes), as well as degenerate binary mergers (LSST
Science Collaboration et al. 2009). M dwarf flares are much more common then
these exotic transients (Berger et al. 2013) and can masquerade as optical transients,
leading to erroneous and expensive spectroscopic follow-up. This is particularly im-
portant for LSST, where Hilton (2011) predicted that each full-frame LSST image
will have an dM flare and 1% of all LSST frames will have an dM flare appearing
as an optical transient, whereas normally, the faint dMs would be below the detec-
tion threshold in quiescence. If the WD+dM flare frequency is appreciably high,
time-domain surveys would need to take into account close binary systems as they
have colors similar to extragalactic sources (e.g., QSOs), rather than colors typical
of field dMs. Furthermore, since WD+dMs can be used as proxies for dMs in close
binary systems and ∼20% of the field dM population is predicted to have a close un-
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seen companion at ∼3-100 au (Ward-Duong et al. 2015), previous studies (discussed
above) may have greatly underestimated the rate of optical transients due to dM
flares.
In this chapter, I selected a large sample of spectroscopic WD+dMs to extend
the study of magnetic activity from Chapter 2 to include flares. In Section 3.2, I
describe the data from the SDSS and SDSS S82 as well as the spectroscopic sample
selection. In Section 3.3, I describe my procedure for selecting flares and the proper-
ties of the flaring sample. In Section 3.4, I compare my flaring sample to that of the
field dM sample (K09). Finally, I discuss and summarize my findings in Section 3.5.
3.2 Data
This study used data from the Sloan Digital Sky Survey (SDSS; York et al.
2000; Stoughton et al. 2002; Pier et al. 2003; Ivezić et al. 2004), a large multicolor
photometric (Gunn et al. 1998; Doi et al. 2010) and spectroscopic (Smee et al. 2013)
survey covering 14,000 deg2 centered on the Northern Galactic Cap, along with three
supplemental imaging strips in the Southern Galactic Cap (Abazajian et al. 2009).
The 2.5m SDSS telescope (Gunn et al. 2006) operates in drift-scan (time-delay and
integrate) mode and observes to a depth of 22.0, 22.2, 22.2, 21.3, 20.5 magnitudes
in the five filters u, g, r, i ,z, respectively. As of July, 2014, with Data Release
12 (DR12; Alam et al. 2015), SDSS had observed ∼500 million unique photometric
sources along with >4 million spectra.
Transient phenomena were not originally part of the science goals for SDSS.
However, SDSS took repeat observations of a region of sky during fall months when
the Northern Galactic Cap fields were near the horizon. S82, is a small (∼275
deg2) region along the celestial equator in the Southern Galaxy (−51◦ < α < +60◦,
−1.266◦ < δ < +1.266◦), with over 20 observations in each filter spanning from
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2001–2007 (Abazajian et al. 2009). S82 was originally designed as a testbed for prob-
ing deeper magnitudes by co-adding multiple observations, however, S82 has been
used for numerous transient studies: e.g., supernova surveys (Frieman et al. 2008;
Sako et al. 2008; Kostrzewa-Rutkowska et al. 2013), quasar variability (Palanque-
Delabrouille et al. 2011; Gu & Ai 2011), stellar variability (Watkins et al. 2009; Sesar
et al. 2010; Süveges et al. 2012) and flare rates in dMs (K09). In this chapter, I use
S82 data to understand the flare rates around close WD+dM binary pairs using a
similar approach to that taken by K09.
3.2.1 Spectroscopic Sample
My initial sample of 1756 spectroscopic WD+dM pairs from SDSS Data Release
10, was taken from the sample found in Chapter 2. I used the same color-cut methods
as described in Section 2.2.2 to search for additional WD+dM pairs in SDSS DR12,
and I found a total of 1933 spectroscopically confirmed WD+dM pairs.
Using the procedures outlined in Section 2.3.1, I adopted an iterative process
for separating the WD and dM spectral components using WD models (Koester
et al. 2001) and high signal-to-noise dM templates (Bochanski et al. 2010). Each
spectral component was fit individually; in subsequent iterations, the best fit model
or template was subtracted from the original spectrum, and the fitting procedure
was repeated. I repeated this process for ten iterations, or until I converged on
a consistent solution for the dM and WD components. Typically my procedure
converged in fewer than five iterations. Through this fitting procedure, I was able
to measure the dM spectral types from the best fit dM templates and the WD
spectral type (DA/DB), effective temperature (Teff ), and surface gravity (log(g))
from the best fit WD models. Additionally, I measured the following parameters:
dM magnetic activity through visual inspection of Hα emission, Hα equivalent width
using a trapezoidal integration technique centered on the Hα line (see West et al.
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(2004) and Section 2.3.3 for more details), distances using spectroscopic parallaxes
(Bochanski 2008), and absolute height above the Galactic plane.
Using the radial velocity (RV) shifts in the individual dM and WD spectral
components, I estimated the projected physical separations. The RVs were calcu-
lated using a cross-correlation technique with the best fit (dM) or model (WD) as
a reference rest template. All SDSS spectra were composite spectra made up of
multiple exposures (at least 3 but as many as 15). The typical exposure times were
roughly 900−1200s, and were often made in succession. The composite spectra, in
addition to the repeat spectroscopic observations, allows for time-variability of the
RV measurements in my systems. The separations were calculated assuming a Ke-
plerian circular orbit, edge-on inclination and using measured RVs from the WD
and dM spectral components (I used multi-epoch RVs when multiple SDSS spectra
were available). I balanced the centripetal and gravitational forces to find individual
component separations from the center-of-mass of the system.
I assigned a mass of 0.6 M⊙ to the WDs, which is empirically found to be the
average mass of 90% of WDs in SDSS Data Release 4 (Kepler et al. 2007). I found
a similar average WD mass of ∼0.6 M⊙ from a subset of WD+dMs from Chapter 2
that have precise WD mass measurements from WD Cooling analysis (e.g., Catalán
et al. 2008c), confirming that assigning a mass of 0.6 M⊙ for WDs in WD+dM pairs
is still reasonable. For the dMs, I inferred masses from their spectral types (Reid &
Hawley 2005).
The resulting separations are projected linear separations and are upper limits
for the true separations of these systems. The values of the binary separations should
not be taken absolutely, but rather, as relative to each other to help group pairs
into separation bins, i.e., very close (<0.1 au), close (0.1−1 au), wide (1−100 au).
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For more details on calculating and measuring the aforementioned parameters, see
Section 2.3.3.
I searched the SDSS S82 footprint for matches to my initial sample of 1933
WD+dM pairs, and found 181 pairs that overlapped in the S82 footprint. I obtained
the light curves (based on the Ivezić et al. (2007) calibrations of Stripe 82 photometry)
for each of these objects in ugriz filters. On average, each pair had more than 40
epochs. I calculated the quiescent magnitudes in each filter for the multi-epoch S82
dataset by converting the filter magnitudes into fluxes, finding the mean value in
each filter for each star, performing a 3-sigma clip, and then recalculating a mean
flux value in each filter after the sigma clipping. The sigma-clipped mean magnitude
was then assigned as the quiescent magnitude.
I applied similar quality cuts as prescribed in Section 2.1 of (K09), including:
1) requiring the quiescent flux of the star to be above the SDSS ugriz limiting magni-
tudes (22.0, 22.2, 22.2, 21.3, 20.5, respectively); and 2) removing objects where flags
were set in the u- or g-band indicating bad photometry (SATURATED, NODEBLEND,
NOPROFILE, PSFFLUX_NTERP, BAD_COUNTS_ERROR, INTERP_CENTER, DEBLEND_NOPEAK,
NOTCHECKED; Stoughton 2002). No stars were removed following these quality cuts,
leaving a sample of 181 spectroscopic WD+dMs with photometry for 9206 epochs
from Stripe 82.
3.2.2 Photometric Sample
To increase my sample size of WD+dM pairs, and to ensure a statistical sample
comparable to the field study (K09), which consists of both photometric and spectro-
scopic data from SDSS, I built a photometric sample of WD+dM. Previous studies
have outlined photometric color cuts in the near ultra-violet (GALEX; Martin et al.
2005), optical (SDSS), and infrared (e.g., 2MASS; Skrutskie et al. 2006), which can
isolate close WD+dM pairs with < 20% contamination (Rebassa-Mansergas et al.
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2014). However, I first used a set of color cuts in ugriz to maximize the number
of objects in my initial selection of photometric candidate WD+dM pairs. For the
entire DR12 spectroscopic sample, the color cuts recovered 2369 objects, 1227 were
spectroscopically confirmed to be WD+dM pairs (out of 1933 WD+dMs known from
previous visual inspection). The main contaminant in the WD+dM color-locus are
broad-lined QSOs. If these objects are truly extragalactic sources, they should have
no measurable proper motions. I required total proper motions > 1.5 times the
uncertainty in proper motion. This proper motion cut was chosen, somewhat arbi-
trarily, as I found it maximized the removal of the largest number of contaminants
without removing too many of the spectroscopically confirmed WD+dM pairs. More
stringent proper motion cuts were found to be provide only a marginal increase in
effectiveness at removing contaminants while removing, fractionally, more spectro-
scopically confirmed WD+dM. I suspected this is in part due to the USNO-B proper
motions not being as effective for faint objects residing in color-color regime occupied
by WD+dM pairs, as shown by Theissen et al. (2016). With the above proper mo-
tion quality cut and a photometric quality cut (ugriz uncertainties < 0.1 mag), my
photometrically selected candidate sample was reduced to 930 total objects and 765
spectroscopically confirmed WD+dM (out of 1166 previously known). Before the
quality cuts, the color-selection recovered 63.4% of known WD+dMs with a 48.4%
contamination rate (objects other than WD+dM pairs); after the quality cuts they
recovered 65.6% WD+dMs with only a 17.8% contamination rate.
Due to the specialized way that SDSS targeted objects spectroscopically
(Stoughton et al. 2002), the distribution of objects in the spectroscopic sample may
not be representative. As such, the above-quoted contamination rates for the color-
cuts in the spectroscopic sample may not be perfectly reflected in the photometric
sample. However, the spectroscopic selection algorithms employed by SDSS appear
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to preferentially select WD+dM pairs more than it would in a random selection pro-
cess. It is likely that very few WD+dMs remain in the photometric sample that have
not already been targeted spectroscopically.
Nevertheless, I applied the color-cuts as well as the additional quality cuts as
discussed above to the entirety SDSS Stripe 82 photometric sample. The color-cuts
returned 184 objects, 77 of which have spectroscopic observations. From the 77 ob-
jects that have spectroscopic observations, 55 were visually confirmed as WD+dMs
(32.5% contamination), consistent with the findings in the spectroscopic sample. This
left 105 objects selected by the color-cuts that don’t have spectroscopic observations.
As a secondary check, I visually examined the gri composite images to check whether
the photometric candidates were visually similar in color to spectroscopically con-
firmed WD+dM pairs. Only 30-35% of the objects appeared consistent with the
spectroscopically confirmed gri composite images of WD+dMs , the remainder were
identified as either field dMs or extragalactic sources (i.e. broad-lined QSOs). Due
to the low-fidelity and small sample size of the photometric sample, I chose not to
include the photometric sample in my analysis and concentrated on the spectroscopic
sample where I was confident I was including bonafide WD+dM pairs.
3.3 Flare Selection
The purpose of this study was to compare the flare properties of field dMs and
dMs with close binary companions. I used the K09 study as my comparison field dM
flare sample, and followed their flare selection criteria as closely as possible. For my
sample of 181 WD+dM pairs with light curves from Stripe 82, flares were identified
by eye if they satisfied the following conditions:
• Each individual light curve must have >10 epochs in the u-band, where the









































































































Fig. 3.1: The light curves of all eight flaring close WD+dM pairs from the S82 survey. Each
row is a separate object with the u-band in the left panel and the g-band in the right panel.
Individual photometric measurements are plotted as black circles with their corresponding
magnitude uncertainties plotted as blue error bars. The calculated quiescent magnitude
is the black dotted line and the dashed green line above and below represents 2σ in the
quiescent magnitude. The red dash-dotted line in each of the left panels is the required
∆u > 0.7 flux increase to rule out a false positive by the documented “red-leak” flaw in the
u-band. Flaring epochs in both the u- and g-band are highlighted with red circles. To be
classified as a flare, the following requirements must be met: 1) A flux increase 2σ above
the quiescent mean must be seen in both the u- and g-bands; 2) The flux increase must be
greater than 0.7 magnitudes in the u-band; and 3) The candidate flaring epochs must be
concurrent (separated by 108 seconds).
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• The u-band increase must be ≥ 0.7 magnitudes over the quiescent mean. This
limit was imposed to reduce false positives resulting from the “red leak,” a
well-known systematic effect in the SDSS u-band that can result in, at most
a 0.5 magnitude increase (see Section 3.3 of Kowalski et al. 2009 for more
information).
• An increase in magnitude >2σ above the quiescent mean must be seen concur-
rently in at least the u- and g-bands. For the u-band, this was in addition to
the imposed ∆u ≥ 0.7 requirement.
• As before, I required that for all epochs the following standard photometric
flags were not triggered: SATURATED,
NODEBLEND, NOPROFILE, PSFFLUX_NTERP, BAD_COUNTS_ERROR, INTERP_CENTER,
DEBLEND_NOPEAK, NOTCHECKED (Stoughton 2002). Particularly important is the
NODEBLEND flag, which was set when two objects were unable to be deblended
and could masquerade as a flare.
• For each flaring epoch, I downloaded archival, raw u- and g-band images to
look for any non-stellar related brightening (i.e., bad seeing, diffraction spikes
from nearby bright stars, satellites, airplanes, etc.) that could masquerade as
a flare.
I searched for flares on the 181 stars in my WD+dM sample for which there
were a total of 9206 concurrent epochs in both u- and g-bands (taken within 108
seconds of one another due to drift scan observing). In those 9206 epochs, I found
nine flaring epochs in eight WD+dM systems (one WD+dM system flared twice).
The flares in both the u- and g-bands for all eight flare stars are shown in Figure 3.1.
For each star, the u- and g-band light curves are shown side-by-side with each SDSS
photometric measurement as a black circle and the corresponding photometric mag-
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nitude uncertainty as blue vertical error bars. In each panel, the black dotted line
represents the calculated quiescent magnitude (as described in Section 3.2.1) and
the green dashed lines represents a 2σ deviation of the mean (excluding 2σ clipped
epochs). The flaring epochs are denoted by red circles and satisfy the criteria outlined
above.
The top panel of Figure 3.1 shows the WD+dM SDSS0134+0101, where two
flares were observed to be separated by ∼10 days. Typical stellar flares only last on
the order of minutes to hours (e.g., Moffett 1974; Hawley & Pettersen 1991; Kowalski
et al. 2010). As such, I treated these two events as independent flares. The notable
flux increase (greater than 2σ increase in both the u- and g-bands) in SDSS2057+0106
(third panel from the bottom) was not considered a flare because it narrowly misses
the > 0.7magnitude increase requirement for the u-band. I observed similar events in
other stars that narrowly missed at least one of my flare selection criteria. However,
they were not included in my analysis to ensure that I could directly compare my
sample to the K09 study.
3.4 Sample Details
As mentioned above, my sample consisted of 181 WD+dM, 71 of which were
magnetically active, as determined by the presence of Hα emission in their spectra.
There are 9206 total epochs which I searched for flares, 3819 of which were from
active stars. With a total of nine flares, two of which occurred on active stars, I
found flaring fractions (number of dMs flares over the total number of epochs) of
0.10±0.03% and 0.05±0.03% for all WD+dMs and active WD+dMs, respectively.
These flaring fractions were consistent with one another given the uncertainties (to
less than one sigma).
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Fig. 3.2: The distribution of the total number of WD+dM pairs binned by spectral type
(left y-axis) and the total number of epochs available from the S82 light curves binned by
dM spectral type (right y-axis). The black line represents the entire sample, while the red
dashed lined represents the epochs containing the active dMs (showing Hα in emission).
The distribution of stars, as well as the distribution of epochs, as a function of
spectral type are shown in Figure 3.2. The black histogram is the WD+dM sample
and the red dashed histogram denotes the active stars in the sample. My sample
distribution was consistent with what was expected from the dM initial mass function
(e.g., Bochanski 2008; Bochanski et al. 2010), where the distribution peaks around
mid spectral types (M4-M5).
One of the benefits of close WD+dM binary systems is that the two compo-
nents have comparable luminosities, and different temperatures, and peak at different
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wavelengths; they are easily separated spectroscopically and sometimes photometri-
cally. Unfortunately, this can lead to a selection effect in which early-type (M0-M1)
and late-type (≥ M7) dMs are under-represented. The higher contrast ratio between
the more luminous early-type dMs and relatively cooler WDs (∼10,000K) could lead
to a dearth of early-type WD+dMs. Conversely, the less luminous late-type dMs
could be obscured by a WD with a relatively cool temperature (∼10,000K).
Figure 3.3 shows the distribution of projected physical system separations, ab-
solute height above the Galactic plane, and distance to the S82 WD+dM sample. In
each panel of Figure 3.3, I show the entire WD+dM sample (black open), the active
(as measured by Hα emission) WD+dMs (red thatched), the flaring WD+dMs (black
solid), and active flaring WD+dMs (red solid).
In the top panel of Figure 3.3, I show a distribution of the logarithmic projected
physical system separation. In Section 3.2.1, I stated that these are upper limits on
the projected linear separations and that the values should not be used as absolute
separations, but rather used to compare relative separations (very close [<0.1 au],
close [0.1−1au], wide [1−100 au]). The “very close” bin roughly corresponds to where
tidal effects are thought to dominate (Meibom & Mathieu 2005), whereas the middle
and widest bins are thought to be where the binary companion is close enough to
cause disks to be shorter-lived and, thus, disrupt angular momentum loss mechanisms
such as accretion powered stellar winds (e.g., Matt et al. 2012) and magnetic disk
locking (e.g., Shu et al. 1994).
The lower left panel of Figure 3.3 shows distances calculated using spectroscopic
parallax relations derived from Bochanski (2008). While photometric parallax rela-
tions are more reliable for dMs, the flux contamination from the WD makes these
relations unreliable for the dMs in my sample. Bochanski (2008) estimated the spec-
troscopic parallax relations have ∼20% precision (Bochanski et al. 2011). In the
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Fig. 3.3: Properties of the S82 WD+dM sample. Each panel is separated into all WD+dMs
(black open), active WD+dMs (red dashed), all flaring WD+dMs (black filled), active
flaring WD+dMs (red filled). A) Sample by projected physical separation [au], B) histogram
of distance [pc], C) histogram of absolute height above the Galactic Plane [pc].
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lower right panel, I present the absolute height above the Galactic plane, which has
been shown to be a proxy for stellar age (West et al. 2004, 2008, 2011). In general,
stars that orbit farther from the Galactic plane are older, as they have had more
time to be dynamically heated. The entire WD+dM S82 sample (black open line),
as well as the eight flaring stars (solid black lines), show a relatively even spread in
distance and the absolute Galactic height above the plane, indicating no obvious age
biases.
Table 3.1 lists the flaring WD+dMs. I list the SDSS identifier, dM spectral
type, Hα EW, activity state, physical projected separation, distance, absolute height
above the galactic plane, the change in the u-band magnitude during a flare (∆uflare),
and the flare luminosity in the u-band (Lu,flare). Using the spectroscopic parallax dis-
tances, I estimated Lu,flare from the luminosity of the WD+dM system in quiescence
subtracted from the luminosity of the WD+dM system in a flaring state. For the
quiescent luminosity I used the quiescent, sigma-clipped mean from the light curve
as discussed in Section 3.3.
I considered the possibility of an interloping foreground or background dM,
undergoing a flare, that could be contaminating my flaring close WD+dM sample.
I investigated this possibility by empirically calculating the chance for a foreground
or background dM to be within 1.5′′ of each of my eight flaring stars. This was
done by counting the number of objects from the SDSS DR12 photometric database
that have similar colors to dMs, within a 1x1 square degree field of view centered
on each of my targets. For the colors, I required r − i ≥ 0.3 and i − z ≥ 0.2, with
r < 22, i < 22, z < 21.2, as well as requiring r > 16 to rule out any M giants.
These color cuts included objects that are slightly bluer than most dMs and are
likely to include a small portion of galaxies, leading to overestimated stellar counts.
Given the stellar counts in each 1x1 square degree field, I calculated the number
103
Table 3.1. Flaring Sample
Object ID dM SpT Hα EW1 Active s d |Z| ∆uflare log(Lu,flare)
(au)2 (pc)3 (pc)4 (erg s−1)5
SDSS0134+0101 0.5 · · · no 0.17 719 607 1.28 30.23
1.28 30.24
SDSS0140−0012 2.5 3.15 yes 0.16 847 723 1.45 30.68
SDSS0141−0052 4.5 4.03 yes 0.17 270 221 0.77 29.51
SDSS0208+0018 2.5 0.20 no 0.98 115 81 1.53 29.66
SDSS0252−0105 4.0 · · · no 0.42 119 77 3.37 30.28
SDSS0253+0013 1.5 · · · no 177.71 398 289 2.03 30.15
SDSS0325−0111 3.5 · · · no 0.05 284 186 0.97 30.98
SDSS2345−0014 4.0 0.63 no 1.41 401 328 2.43 31.17
1Hα EW values are only reported for the active stars.
2The separations were calculated using the dM and WD RVs after being corrected for system RVs.
I assumed that the measured absolute RVs of each component were the orbital velocities as well as
assuming edge-on, circular Keplarian orbits. See Chapter 2.3.3 for more details.
3Distances were calculated using a spectroscopic parallax relation derived from data found in Bochan-
ski (2008). The expected uncertainty in these calculations is 20%
4Galactic height above the plane is calculated using Equation 2.9 in Chapter 2.3.3
5Flare luminosities are calculated by subtracting the quiescent luminosity from luminosity of the
system while in a flaring state. I used the distances found in this table to estimate luminosities.
of objects to fall within 1.5′′ of my target using the following equation: number =
π × (1.5′′)2 × counts/degree2 ∗ (1 degree/3600′′)2. For each of my flaring WD+dM
pairs, the highest probability that there would be a foreground dM within 1.5" was
0.5% (with the mean probability being ∼0.1%). Thus, I would not expect any of my
flaring WD+dM pairs to be due to a foreground or background flaring dM.
One physical process that could affect the statistics of this sample of WD+dMs is
any potential mass transfer onto the dM during the common-envelope phase, thereby
altering the dM natal mass and adding uncertainty to the spectral type classifications.
Not much is known about common-envelope phase as the time-scale is very short (on
the order of tens of years), making this stellar evolution process difficult to observe in
order to place empirical constraints (e.g., Ivanova et al. 2013). However, models have
shown that while the companion star is engulfed by the common-envelope, unless it
is a degenerate star, it is unlikely to accrue any mass from the surrounding envelope
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(Ivanova et al. 2013; Webbink 1988; Hjellming & Taam 1991). Thus, I expect my
spectral type classifications to be representative of the dM mass. In addition, I did
not see any evidence that these binaries are near-contact and experiencing ongoing
mass-accretion. Only two stars show Hα emission and there is no evidence for any
broadening due to mass-accretion (see Figure 3.6).
In addition, one potential selection bias in my sample is the flux boosting pro-
vided by the WD, specifically in the u-band. Without the presence of the companion
WD, the dM may never have been included in the sample (u < 22.0). Thus, I am
effectively probing a larger volume than in the K09 study. This, however, should bias
my sample towards older, and more inactive systems, which are less likely to flare
(given that I am looking out of the Southern Galactic plane). If flare rates correlate
with age (e.g., K09), as does magnetic activity (West et al. 2008), then my derived
WD+dM flare rate would be underestimated. My systems showed no obvious age
bias in distance or height above the Galactic plane (panels b and c in Figure 3.3), so
I expect this effect to be minimal.
3.5 Results and Discussion
With only eight WD+dM flaring systems (nine total flares), a robust comparison
between the field and binary populations is difficult. However, this small sample can
still provide insights on how close binarity affects dM flaring behavior.
Figure 3.4 shows the fraction of flaring epochs as a function of dM spectral type
for field dMs (open black squares), active field dMs (open red squares), WD+dMs
(black filled circles), and active WD+dMs (red filled circles). The data presented for
field dMs is from Figure 9 of K09. In Figure 3.4, I see a trend of increasing flaring
fraction for the field dMs as a function of later spectral types, as I would expect given




























Fig. 3.4: Fraction of flaring epochs as a function of binned dM spectral type. Field dMs
(open black squares), active field dMs (red open squares), all WD+dM pairs (filled black
circles), active WD+dM pairs (filled red circles); error bars are calculated using the binomial
distribution. For early (M0-M1) and mid-type (M2-M3) spectral types, the WD+dM pairs
flare more frequently than the field dMs, while late-type WD+dMs flare at a similar rate
(to within the errors) than the field dMs. Only two of the eight WD+dMs are observed to
be active, one in the mid-type spectral type bin and one in the late spectral type bin. I
hesitate to make a comparison between the active dM and WD+dM flaring fraction due to
having only one active WD+dM in each of the M2-M3 and M4-M6 spectral type bins.
active than early-type dMs. In addition, the presence of Hα emission, or activity, is
well known to correlate with flares on dMs. Then, it is not surprising that active dMs
show a higher flaring fraction than the full dM sample (both active and inactive).
Early-type WD+dMs (M0-M1) flare 220 times more frequently than the field dM
population while the active WD+dMs flare 15 times less frequently than the active
field population. These increases in flaring fractions are statistically significant at
the 1.5-sigma level. At the mid spectral type bin (M2-M3), the WD+dM pairs flare
6.5 times more frequently than the field dM sample, significant again at 1.5-sigma
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level. While the active WD+dMs and the active field dMs flare at approximately
the same frequency, to within the binomial errors. For the late-type stars (M4-M6),
I see a different trend, the WD+dMs are flaring 50% as frequently as the entire
dM sample and only 8% as frequently as the active field dMs, at the 2-sigma and
3.8-sigma levels, respectively.
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Fig. 3.5: Distribution of the flaring WD+dM sample and the estimated projected physical
separations (au). The black lined histograms show all of the WD+dM pairs while the red
solid histograms highlight the two active pairs. The dashed vertical line at 0.1 au is where
tidal effects are thought to dominate while the dash-dotted line at 10 au is where disk
disruption effects are thought to be dominant.
These results indicate that close companions likely do affect the flaring rates
of early-type dMs and suppress flares in late-type binaries. Similarly, in Chapter 2,
the WD+dM activity fractions were enhanced above the field dM population at
early spectral types and then decreased to comparable activity fractions in later
spectral-types. The activity enhancement seen in the WD+dM pairs was attributed
to the close binary quenching angular momentum loss-mechanisms, primarily through
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shortened disk lifetimes, causing the dMs to rotate faster than field dMs of similar
ages (and masses). This is corroborated in the current flaring study by Figure 3.5,
which shows a histogram of the system separations of the flaring WD+dM pairs.
In general, all of the pairs are relatively close (<1 au). Some of these systems are
in a regime where tidal effects likely play a role in impeding stellar spin down and
are rotating faster than field dwarfs of similar ages and masses. Interestingly, the
only two active systems also have two of the closest separations. As mentioned in
Section 3.4, the exact binary separations have large uncertainties and should only be
taken as rough relative guides for the binary separations.
I was not confident in making any spectral-type-activity dependent statistical
comparisons to the K09 flaring sample because only two of the eight WD+dM flaring
stars were active (Hα was present in emission). However, only 8% of the field dM
flaring sample showed evidence for inactivity (no Hα in emission), while I report
75+9−19% of my sample as inactive (shown in Figure 3.6). Magnetically inactive stars
have been shown to flare in the past, albeit at lower rates than active stars (e.g.,
Hilton 2011). My sample of mostly inactive flaring systems is puzzling.
I performed a simple statistical test to determine whether or not this trend could
be due to the small number statistics associated with my sample. Assuming that
8% of all flaring dMs are inactive, as reported by K09, I used a binomial probability
distribution to determine the likelihood of pulling six inactive stars out of eight draws
and find the probability of this outcome to be 2.3%. Thus, with 97.7% certainty
(>2σ), I do not expect my reported inactivity fraction of 75+9−19% to be due to small
number statistics.
3.5.1 Effect on the Galactic transient background
Quantifying dM flare rates is important for transient Galactic and extragalactic
studies because it constrains the noise in the Galactic transient background, which
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Fig. 3.6: Normalized flux of the SDSS spectra for all 8 close WD+dM flaring stars centered
on the Hα wavelength region. The activity state was determined by-eye and only SDSS0140-
0012 and SDSS0141-0052 are reported as active (as measured by Hα emission). The spectra
displayed are the raw spectra and have not had the white dwarf component subtracted.
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is mostly due to stellar flares (e.g., Becker et al. 2004; Rykoff et al. 2005; Kulkarni
& Rau 2006; Rau et al. 2008; Berger et al. 2013). The dM flare rate will also change
depending on the Galactic sight line; directions closer to the Galactic plane will have
a higher flare rate than will those directions farther from the Galactic plane (K09).
Precise metrics of flare rates around dMs, such as Flare Frequency Distributions
(FFDs), require costly short-cadence and long-time observational programs.
I used the coarse time-series data from the SDSS Stripe 82 to estimate Galactic
flare rates for close WD+dM pairs, as was done for field dMs in K09. Due to the
sparseness in time of the SDSS Stripe 82 data, I had no information on the duration
of the flares. Therefore, the following discussions of flare rates refer to the likelihood
of seeing the stars in a flaring state, rather than the number of flares observed over
time. As such, the flare rates are analogous to those reported in Kowalski et al.
(2009), in which they were estimates for the lower-limit of the flaring rate.
In the S82 field dM study (K09), the lower-limit of the Galactic flare rate was
estimated to be 1.3 flares hr−1 deg−2 (for flares ∆u ≥ 0.7 and u < 22). The estimate
was made by taking the total number of dM flares found (271; K09), dividing by the
observing time, ∼50 epochs on average per star (at 54.1s per exposure), and dividing
by the area sampled by the S82 survey (271.9 deg2). The reported field dM flare
rate was averaged over the entire S82 footprint and will likely vary depending on the
Galactic sight line; K09 estimated rates as high as 8 flares hr−1 deg−2 for the most
crowded low-latitude sight lines.
Using a similar procedure to K09, I calculated an estimate for the lower-limit
of the flare rates for the close WD+dMs in my sample. Using 9 flares, with an
average of 50 exposures per star, and 271.9 deg2, I estimate a lower-limit flaring
rate of 0.04 flares hr−1 deg−2 (for flares ∆u ≥ 0.7 and u < 22). This results in
only a 3% contribution of the WD+dM sample to the estimated flare rate of field
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dMs. My results show that individual, early-to-mid spectral type WD+dM pairs are
more likely to flare than field dMs, however, they are simply not as numerous as
field dMs, so they do not significantly contribute to the total number of Galactic dM
stellar flares. I conclude from this study that WD+dM flare rates are a negligible
contribution to the Galactic transient background in relation to field dMs. However,
in this analysis, I make the assumption the WD+dMs can be used as a proxy for close
binaries, in general. Adding a close companion acts to alter the angular momentum
history of the dM, leading to faster-than-normal rotation and thus more magnetic
activity. The close companion need not be a WD companion, but rather, any stellar
companion.
I used WD+dMs in this study, as well as in Chapter 2, to build a large statis-
tical sample of dMs with close, unresolved binary companions. I expect that most
non-WD close companions to the dMs will cause similar activity enhancements, as
those seen with close WD companions (as seen in Chapter 2). The observed activ-
ity enhancements from Chapter 2 are the result of changes in angular momentum
evolution in the dM due to tidal effects (the closest systems) and disk disruption
(systems closer than 100 au), both of which are not dependent upon the companion
being a WD. Realistically, the activity enhancement will likely depend strongly on
the separation of the system and the mass of the companion to the dM, relationships
that are largely unconstrained and difficult to determine empirically. Recent studies
show possible increases in dM X-ray activity (a proxy for magnetic activity) due to
a closely orbiting giant planet (e.g., Poppenhaeger & Schmitt 2011; Poppenhaeger
2011; Poppenhaeger & Wolk 2014), so I suspect that this activity enhancement can
extend to very lower-mass companions (i.e., the planet regime).
From new high-resolution optical studies using adaptive optics imaging (AO),
Ward-Duong et al. (2015) found that 21±3% of dMs have a close, low-mass com-
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panion (≤ 0.30 M⊙) within a 1−100 au projected physical separation. This is cor-
roborated by prior studies that found similar multiplicity fractions for close binary
separations among dMs (e.g., Fischer & Marcy 1992; Janson et al. 2012, 2014). The
previously quoted multiplicity fraction is likely an underestimate due the studies be-
ing insensitive to extremely close binary systems (<1 au) and ignoring dMs with
higher-mass main sequence companions (progenitors to WD+dM systems).
If I assume that ∼20% of dMs have a low-to-equal mass close binary companion
(e.g. Fischer & Marcy 1992; Janson et al. 2012, 2014; Ward-Duong et al. 2015), most
of which go unnoticed yet alter the angular momentum evolution and thus cause
enhancements in magnetic activity, then, multiplicity has important implications for
the dM flare rate. Additionally, the field dM flare rate reported by K09 may actually
be the total dM system flare rate. That is to say, the flare rate reported by K09 may
actually be the single + close binary dM flare rate, since identifying close binaries
from SDSS photometry is extremely difficult. As such, using the measured flare rate
of WD+dMs as a proxy for the close binary flare rate, I performed a quick calculation
to estimate the single dM flare rate:
FRtotal,norm ×Ntotal = FRsingle,norm ×Nsingle + FRbinary,norm ×Nbinary, (3.1)
where:
– FRtotal,norm = (2.7 ± 0.2)×10−5 flares deg−2 hr−1 system−1. This is the total
flare rate that includes both field dMs and dMs with unseen close binary com-
panions (not only just WD companions). FRtotal,norm is derived from FRtotal
= 1.3 flares deg−2 hr−1 (reported by K09), normalized by the number of stars
searched over in the K09 study (50130). I used Poisson statistics to estimate
the uncertainties in the normalized flare rate.
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– FRbinary,norm = (2.4 ± 0.8)×10−4 flares deg−2 hr−1 system−1. This value is
derived from FRWD+dM = 0.04 flares deg−2 hr−1, which is the flare rate
for WD+dMs. By normalizing FRWD+dM by the total number of WD+dM
searched over in my study (181), this value now becomes FRbinary,norm, an esti-
mate for the flare rate for all dMs with close binary companions, not only dMs
with close WD companions. Again, I used Poisson statistics to estimate the
uncertainties.
– FRsingle,norm is the single field dM flare rate.
– Ntotal is the total number of systems including field dMs and dMs with close
companions.
– Nbinary is the number of dMs with an unseen, close binary companion. Following
Ward-Duong et al. (2015), I assumed Nbinary = (0.2 ± 0.03)× Ntotal.
– Nsingle is the number of single, field dMs. I set Nsingle = (0.8 ± 0.03) × Ntotal,
adopting the same 3% uncertainty as the binary fraction. I assumed, as men-
tioned, above that 80% of the dMs found in SDSS Stripe 82 are field dMs,
while the other 20±3% have unseen, close low-mass companions as predicted
by Ward-Duong et al. (2015).
Using the above normalized flare rates, I calculated a FRsingle,norm = (−2.7 ±
2.0)×10−5 flares deg−2 hr−1 star−1, which is consistent with a flare rate of zero (at
the 1.35-sigma level).
Unexpectedly, my simple estimation returns a flare rate consistent with zero
for single dMs. At face value, my results indicate that flare rates around dMs with
close binary companions dominate the field dM flare rates. A FRsingle,norm ≤ 0 is not
realistic, isolated, young, active dMs flare often (e.g., Lacy et al. 1976; Hilton 2011;
Hawley et al. 2014), while older, inactive dMs flare much less often (Hilton 2011;
Hawley et al. 2014). Both K09 and this study utilized SDSS S82, which looks away
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from the plane of the Galaxy towards the Southern Galactic Cap and will be biased
towards older, more distant systems. From other studies magnetic activity is short-
lived in early-type dMs (∼1 Gyr for M0-M2 and ∼2−4 Gyr for M3-M4; West et al.
2008) and the K09 study could contain largely inactive and older, early-type dMs
(<M3). In this scenario, the flares being reported in the early-type dMs from K09,
and other similar studies (Hilton 2011), may be dominated by the early-type dMs
with unseen close companions. This may be one explanation for why I concluded
that close binaries dominate the total dM flare rate reported by K09.
Unfortunately, my above analysis depended on the following poorly constrained
parameters: 1) the close binarity fraction of dMs (limited to separations >1 au), 2)
the efficiency of activity enhancement in dMs due to a close companion (assumed
here as 100%); and 3) the close binary flare rate. To return to a realistic, positive
single dM flare rate, I used the results presented here to constrain the upper limits of
the close binarity fraction (Nbinary) and the close binary flare rate (FRbinary,norm). To
do this, I asked the following questions: 1) what fraction of binary stars (Nbinary) is
necessary to calculate a single dM flare rate (FRsingle,norm), assuming FRbinary,norm is
true? Similarly, 2) what binary star flare rate (FRbinary,norm) is necessary to calculate
a positive single dM flare rate (FRsingle,norm), assuming Nbinary is true?
For the first question, I solved Equation 1 for Nbinary by setting FRsingle,norm ≥ 0,
FRbinary,norm = (2.4 ± 0.8)×10−4 flares deg−2 hr−1 system−1, and FRtotal,norm = (2.7
± 0.2)×10−5 flares deg−2 hr−1 system−1. I calculated Nbinary ≤ (0.11 ± 0.03). For
the second question, I solved Equation 1 for FRbinary,norm by setting FRsingle,norm ≥
0, Nbinary = (0.20 ± 0.03) × Ntotal, FRtotal,norm = (2.7 ± 0.2)×10−5 flares deg−2 hr−1
system−1; I calculated FRbinary,norm ≤ (1.3 ± 0.2)×10−4 flares deg−2 hr−1 system−1.
This corresponds to only a 54% reduction in either parameter, which is reasonable due
to Nbinary being an upper-limit and assuming 100% efficiency of a close companion
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within 1−100 au in enhancing dM magnetic activity and flare rates. This efficiency
is still poorly constrained and is likely much less than 100% as it depends on both the
mass of the companion and separation. Similarly, a 54% reduction in FRbinary,norm is
within reason considering my total WD+dM flaring fractions have a 33% uncertainty
(0.09±0.03%).
3.5.2 Effect on the Habitability of Alien Worlds
Since the launch of the Kepler spacecraft, more than three thousand exoplanets
have been confirmed, with thousands more planet candidates identified (exoplan-
ets.eu; NASA Exoplanet Archive). Despite this large sample, only a handful of
exoplanets have been found in relatively close binary systems, most notably the cir-
cumbinary (orbiting both stars) planets Kepler-16b (Doyle et al. 2011), Kepler-34 &
35 (Welsh et al. 2012), Kepler-38b (Orosz et al. 2012b), and Kepler-47 (hosting two
exoplanets, Orosz et al. 2012a). What factors affect the habitability of exoplanets
around other stars is a topic of ongoing research. Even less is known about the
potential for habitable planets in binary star systems, circumbinary or otherwise.
My study informs one aspect of habitability, namely, irradiation of exoplanet atmo-
spheres by energetic events such as flares. My data suggest that, at the very least,
early-type (M0-M1) and mid-type (M2-M3) dMs in close binary systems flare ∼220
and ∼6 times more frequently, respectively, than their their field dM counterparts.
In addition to the flaring frequency, another important factor in understanding
how exoplanet atmospheres might be affected by stellar flares is the energy that is
released during a flare event. I list the estimated luminosities (log(Lu,flare) [erg s−1])
of the flares in my sample in Table 3.1. I compared my log(Lu,flare) values to those
of K09 (Figure 11) in Figure 3.7. Flare luminosities are binned by early (M0-M1,
black), mid (M2-M3, blue), and late (M4-M6, red) spectral types. The field dM
sample is shown in histograms, while the WD+dM sample is shown as filled squares.
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Fig. 3.7: Distribution of log(Lu,flare) [erg s−1] as measured by the u-band magnitude
increases binned by spectral type. The histograms are the flare luminosities for the field
dM population taken from Figure 11 of K09. The flare luminosities are grouped into three
spectral type bins early-type (M0-M1, filled black histogram), mid-type (M2-M3, hatched
blue histogram), and late-type (M4-M6, open red histogram). The colored vertical lines
bracket the log(Lu,flare) for each of the spectral type bins. The WD+dM flare luminosities
are binned by spectral type in a similar fashion, early-type (M0-M1, red filled square),
mid-type (M2-M3, blue filled square), late-type (M4-M6, black filled square). The location
of the WD+dM flares on the x-axis are based upon their respective log(Lu,flare) values and
are offset vertically in the y-axis for ease of viewing. With the exception of one flare in a
late-type WD+dM system, all of the measured flare luminosities fall within the bounds of
the field dM sample. There is some evidence for systematically higher energies in early-
and mid-type WD+dMs, but, from these data alone, I cannot conclude that WD+dMs on
average produce higher luminosity flares.
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Colored vertical lines (for each spectral type) bracket the total range of log(Lu,flare)
of the field dM sample.
From Figure 3.7, log(Lu,flare) [erg s−1] spans 29.4-31.6 in M0-M1, 28.5-30.5 in
M2-M3, and 28-30.5 M4-M6. While the WD+dM sample is sparse, when it is binned
by spectral type, the flare luminosities fall within the energies spanned by the field
dM sample, with one exception in the late-type bin. Clearly, a larger sample size is
needed for a more robust comparison, but preliminary evidence suggests that mid-to-
late spectral type dMs in close binary systems may have systematically higher flaring
luminosities. Again, more data are necessary to determine the underlying WD+dM
flaring luminosity distribution.
My results show that early-to-mid spectral type dMs with close binary compan-
ions flare as much as a few hundred times more frequently than field dMs, albeit at
slightly higher or similar energies. With enhanced flares, planets will be exposed to
higher-levels of X-ray and extreme ultraviolet (EUV) radiation (XUV), which can
greatly affect the composition, size, and even presence of a planetary atmosphere.
XUV radiation can heat and ionize the upper atmosphere of a planet, leading to at-
mospheric evaporation from the atmospheric ions being picked up and carried away
by stellar wind plasmas (Lammer et al. 2007). If any EUV flux reaches the planetary
surface then it can also damage or destroy DNA (Scalo et al. 2007). In addition to
the XUV radiation, coronal mass ejections (CMEs) are expected to accompany the
largest flares, analogous to what is seen in the Sun (e.g., Aarnio et al. 2011). En-
ergetic particles from CMEs can compress the magnetosphere, exposing more of the
neutral atmosphere which can then be ionized and carried away by incident plasma
from the CME. The compression of the magnetosphere by the CME will also allow
more UV photons to penetrate deeper into the atmosphere and possibly reach the
planetary surface (e.g., Khodachenko et al. 2007). Lammer et al. (2007) predicted
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that any Earth-like planet in the HZ of an dM (between 0.05-0.20 au) would lose
much of its atmosphere when exposed to XUV flux values 70-100 times to that of the
present values at Earth. If the planet does not possess a strong magnetic moment,
as suggested for tidally locked planets at distances < 0.20 au (Grießmeier et al. 2004,
2005, 2009), XUV fluxes ≤ 50 times that found at Earth would result in the complete
loss of the atmosphere within 1 Gyr. The quiescent XUV flux for a dM HZ planet
is likely an order of magnitude less than that at Earth, but the flux will increase to
10-100 times that at Earth during dM flares (Scalo et al. 2007).
On the other hand, studies have shown that stellar flares do not pose a threat
for habitability for Earth-like planets in the HZ around even the most active flaring
dM known (AD Leo; Segura et al. 2010). Much of the damaging EUV flux goes
towards photolyzing the ozone layer and never reaches the surface. The corresponding
temperature variations in the ozone layer are expected to be small and should have
a negligible effect on the surface temperatures of the planet (Segura et al. 2010).
However, Segura et al. (2010) posits that if the flares occur more frequently than
it takes the atmosphere to equilibrate (∼4 months in their simulation), then more
life-damaging UV radiation will be able to reach the planetary surface.
With my reported enhanced flare rates in M dwarfs with close companions,
along with reported enhanced activity lifetimes among close binaries (Chapter 2),
the high XUV-radiation environments around dMs is certainly higher, and sustained
for longer, than seen around field dMs. This enhancement may have an effect on the
habitability of attending exoplanets. Whether or not the XUV fluxes reach levels
(70-100 times that seen at Earth; Lammer et al. 2007) required to catastrophically
disrupt atmospheres of planets in the HZ, requires a more detailed analysis. In
addition, my analysis cannot determine whether or not the frequency of flares is
high enough to keep a planetary atmosphere out of equilibrium long enough for
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EUV radiation to reach the planetary surface. Determining the true habitability of
exoplanets around dMs is a complex problem that depends on more than just the
high-radiation environment imposed by stellar flares. However, more frequent flares
in dMs in close binaries certainly may hurt the formation of life, at least, as we know
it on Earth.
3.6 Summary and Discussion
Using time-domain data from the Stripe 82 Survey in SDSS, I searched for
flares from close WD+dM binary pairs. I found nine total flares in eight systems,
two of which are magnetically active (as measured by the presence of significant Hα
emission). I compared these results to the field dM study by K09, in which 271
flares were seen in 236 dM stars. From K09, 99 of the field stars had spectroscopic
follow-up, with 91 of them identified as magnetically active. For the WD+dM pairs,
the derived to a flaring frequency is 0.09±0.03% (all) and 0.05±0.03% (active) and
for the dMs a flaring frequency of 0.0108±0.0007% (all) and 0.28±0.05% (active).
I presented evidence showing that early-type WD+dM pairs (M0-M1) flare∼220
times more frequently then field early-type dMs while ∼15 times less frequently when
considering only the active early-type WD+dMs and field dMs. Mid-type WD+dMs
(M2-M3) flare 6.5 times more frequently than mid-type field dMs, but the active mid-
type WD+dMs appear to flare at approximately the same frequency as the active
mid-type field dMs, to within the binomial errors. However, at late spectral types
(M4-M6), the WD+dM pairs flare 50% as frequently as the field dMs and the active
WD+dM pairs flare only 8% as frequently as the active, late-type field dMs. This
discrepancy may be attributed to the small size of my sample or the difficulty in
finding the intrinsically faint late-type dMs with close WD companions. Perhaps
most interesting, is that only two of the eights stars in my sample were shown to be
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magnetically active compared to 91 of 99 stars in the field dM sample. Assuming
that 8% of flaring stars are inactive (K09), there is a 2.3% probability that I pull
6 inactive stars from 8 draws. Therefore, I suspect the relatively high number of
inactive stars in my flaring sample is due to physical mechanisms involving a close
binary companion, rather than small number statistics.
M dwarf flares are one of the main contributors to the Galactic and extragalactic
transient background. I considered the contribution to this background by flaring
WD+dM pairs and found that the contribution is likely negligible. The average
Galactic flare rate was estimated by K09 to be 1.3 flares hr−1 deg−2, while I estimated
a lower-limit for the WD+dM flare rate to be 0.04 flares hr−1 deg−2 (both for flares
∆u ≥ 0.7 and u < 22), only 3% of the flares contributed by field dMs. I re-iterate
that since the Stripe 82 dataset is not sensitive to flare duration, I am reporting the
likelihood of seeing the WD+dM pairs in a flaring state, rather than a true flare rate.
However, I can use the WD+dMs in this study as proxies for dMs with any close
companions, not just WDs. I estimated a flare rate for dMs with close companions
by normalizing the WD+dM flare rate by the number of WD+dMs searched in this
study (181). The flare rate for dMs with close companions is then (2.4 ± 0.8)×10−4
flares deg−2 hr−1 system−1, compared to the field dM study flare rate of (2.7 ±
0.2)×10−5 flares deg−2 hr−1 system−1, after a similar normalization (50130 dMs). M
dwarfs with close companions appear to flare 6.5 times more frequently than fields
dMs.
Previous studies estimated that dM multiplicity at close separations (1−100
au) may be as high as 20% (e.g., Janson et al. 2012, 2014; Ward-Duong et al. 2015).
Many of these companions are expected to be low-to-equal mass and the close binary
systems would masquerade as single dMs. Realizing that K09 reported single dM
flare rate would also include dMs with unresolved close binary companions, I derived
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a single dM flare rate using my WD+dM binary flare rate as a proxy. I found that
dMs with close binary companions likely dominate the measured flare rate. In the
context of SDSS, this makes some sense because the field dM sample is biased towards
older, farther away systems, stars on which one would not expect to see many flares.
There could be a subset of dMs with close companions, causing them to remain
active and flare more often than usual. I hope my results motivate future studies to
investigate flare rates for both single and dMs in close binaries.
My results also inform the true habitability of attending circumbinary planets.
I showed that early-type dMs with close companions are ∼200 times more likely to
flare at energies similar, or slightly more energetic than observed in field dMs. Late-
type dMs with close companions show similar flaring fractions and flaring energies as
the field dM population. Given my results, I expect the XUV radiation environments
to be higher than seen in field dMs, whether or not the XUV radiation reaches high-
enough levels to cause significant atmospheric evaporation remains to be seen. In
addition, despite the increase in flare frequency, I do not expect these frequencies to
reach the levels of some of the most active stars observed like AD Leo (Segura et al.
2010), which studies predict should have no impact on the habitability of an Earth-
like planet. I concluded, that my reported increase in flares makes the habitability
of any attending circumbinary planets less promising than in field dM systems.
In this chapter and Chapter 2, I focused on large samples of WD+dM pairs to
understand macro-effects on magnetic activity of M dwarfs in the presence of a close
stellar companion. In the following chapter, I use detailed time-series photometry
from the Kepler spacecraft on one eclipsing WD+dM system in hopes to get a better
understanding of the micro-effects at work on the magnetic activity of an M dwarf
with a close stellar companion.
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Chapter 4
KOI-256: An Eclipsing White Dwarf + M
dwarf Binary: A Case Study for Correlating
Flares with Eclipses
In previous chapters, I used large samples of close white dwarf + M dwarf
binaries (WD+dMs ) to investigate how different manifestations of magnetic activity
on the M dwarfs (dMs), namely the presence of Hα and optical flares, change in
the presence of a close white dwarf (WD) companion. In Chapter 2, I showed that
dMs with close WD companions are more likely to be active than their field dM
counterparts, with early spectral type dMs (M0-M3) exhibiting enhanced activity
more strongly than the late-spectral type dMs (M4+). In Chapter 3, I showed that
early-type dMs (M0-M3) flare more frequently in WD+dM pairs than they do in field
dMs, while late spectral type dMs (M4+) in WD+dM pairs flare at a comparable or
even lower rate than is seen in the field population. As I discussed in the Introduction
as well as Chapter 2, this enhanced activity is attributed to the close WD companion,
causing an inefficiency in the stellar spin down of the dM. This causes the dMs in close
binary systems to rotate faster than they would have if they evolved as isolated stars.
Previous studies have shown that faster stellar rotation is correlated with stronger
magnetic activity in dMs. Thus, the observed enhanced magnetic activity in the
WD+dM population is likely due to faster-than-normal rotation when compared to
a field population of dMs.
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In this Chapter, I explore whether the enhanced magnetic activity in the closest
pairs (<0.01 au), a small subset of my previous samples, can be attributed to star-
star interactions. If star-star interactions are taking place, one might expect to find
a correlation between the dM flares and the orbital phase of the WD. To investigate
this, I perform a case study of an eclipsing WD+dM system, KOI-256, observed with
the Kepler spacecraft. Kepler was designed to discover exoplanets using the transit
method by continuously monitoring the same region of sky with high cadence over a
4 year time period. To date, Kepler has discovered nearly two thousand exoplanets
with at least as many or more exoplanet candidates (exoplanets.eu; NASA Exoplanet
Archive). With near constant coverage over four years at either 30-minute or 1-
minute cadence, KOI-256 presents the perfect laboratory to test for the presence of
star-star interactions in the closest WD+dM pairs.
4.1 Background
Up until recently, very little was known about how close binary companions
to dMs might affect their magnetic activity history. In Chapter 2, I used large
samples of spectroscopically confirmed close WD+dM pairs from the Sloan Digital
Sky Survey (SDSS) to show that dMs with close WD companions have enhanced
levels of magnetic activity (as measured by Hα in emission). In addition, a subsample
of spectroscopically confirmed WD+dM pairs from Chapter 3 had been observed
using time-series photometry from the Stripe 82 survey from SDSS. From this time-
series photometry, I found that dMs in WD+dM pairs are more likely to flare than
their isolated dM counterparts (Kowalski et al. 2009). There was little-to-no evidence
for the flares in the WD+dM pairs being more energetic than the flares in isolated
dMs. The activity enhancement (from both Hα emission and frequency of flares)
in WD+dMs was more pronounced in early spectral type dMs (M0-M3) than in
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later spectral type dMs (M4+). This magnetic activity enhancement observed in
close binaries is likely due to the suppression of angular momentum loss mechanisms
early on in stellar evolution, which halts or suppresses stellar spin-down. Similarly,
the closest systems may also experience tidal synchronization, which may force the
star to rotate synchronously at a rate faster than it would if it were evolving as
a single star. There is strong empirical and theoretical evidence to support that
faster rotation in close binaries is largely responsible for enhanced magnetic activity
(Morgan et al. 2012, 2016). If the magnetic activity enhancement in close binaries
is due to faster-than-normal rotation, then stronger enhancement in WD+dMs as
compared to early-type dMs can be explained by different magnetic activity rotation
thresholds, as seen in West et al. (2015), or the longer activity lifetimes of late-type
dMs (West et al. 2008).
Perhaps there is another mechanism in place for the closest binary pairs. Those
that have gone through the post-common envelope binary (PCEB) phase, that is
causing 100% of the pairs to be active (Rebassa-Mansergas et al. 2013a) and creating
enhanced magnetic activity above the field dM population. For the closest WD+dM
systems with hot WDs, the WD could irradiate the surface of the dM and induce
a hot spot. This hot spot would be responsible for the Hα emission, rather than it
being caused by magnetic activity in the dM (Rebassa-Mansergas et al. 2013a).
Rebassa-Mansergas et al. (2013a) used time-series photometry on a subset of
very close WD+dM pairs with a hot WD and found that WD induced hot spots
should be negligible. Active stars in close binaries could have overlapping magnetic
field lines from two separate stellar magnetospheres, resulting in a region of magnetic
reconnection between two stars (Simon et al. 1980; van den Oord 1988). Simon
et al. (1980) observed enhanced radio, ultraviolet and X-ray fluxes in flares, in a
system of closely orbiting binary stars (∼20 stellar radii) consisting of a G dwarf
124
and a K subgiant, when the two stars reached maximum radial velocity separation
(where an interbinary reconnection region would be most visible to the viewer).
Gunn et al. (1998) observed modulation of EUV and radio flux levels correlated with
orbital period with a maximum at phase 0.5, in a closely orbiting system (2.798 days)
consisting of a G dwarf and a K subgiant, indicating the existence of an intra-binary
region of activity. Yet, it remains unclear what effect a very close companion has on
the magnetic activity of an dM and if there is any relation between orbital phase of
the companion and dM flare events.
In this chapter, I discuss a case study I performed on an eclipsing close WD+dM
binary system named KOI-256, observed by the Kepler spacecraft. Kepler’s primary
science goal was to discover transiting exoplanets, but it represents an ideal tool to
investigate a closely orbiting WD’s potential impact on the flaring behavior of a dM.
KOI-256 consists of an active mid-type dM (M3) and a cool WD (∼7400 K), with an
estimated orbital separation of ∼0.02 au (Muirhead et al. 2013). I discuss identifying
and measuring flares in KOI-256 and determining if there is a correlation with WD
orbital phase. From the light curves, I determined whether the WD is inducing hot
spots on the surface of the dM.
KOI-256 also provides an opportunity to test the hypothesis that close binaries
are more active than field dMs. Not only does Kepler provide near constant time-
coverage, allowing for a complete flare census (within observational limits), it also
reveals the stellar rotation period of the dM, a parameter that was missing from
the Morgan et al. (2012) and Morgan et al. (2016) analyses (Chapters 2 and 3,
respectively).
Numerous studies have been published on flaring properties and behaviors of
dMs in Kepler, which provide good benchmarks for comparing magnetic activity in
KOI-256 to magnetic activity in field dMs. Hawley et al. (2014) performed a detailed
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study of flares around active and inactive dMs from Kepler. They found that while
active dMs flare much more frequently, inactive dMs are still seen to flare and at
high energies (e.g., Hilton 2011). Previously, it was usually assumed that inactive
dMs do not flare or flare at a negligible frequency. The Hawley et al. (2014) result
has important implications on the Galactic transient background, as discussed in
Chapter 3. Hawley et al. (2014) also found no evidence for a correlation between
flares and spots on the dM, a finding that conflicts with how solar flares are generated
on the Sun.
Davenport et al. (2014b) performed a thorough analysis of one of the most
active flare stars in the Kepler database, GJ 1243. Davenport et al. (2014b) provided
evidence for the frequency of flares lasting longer than 10 minutes following a broken
power law in time, whereas before, the frequency of flares was thought to follow a
single power law in time. In addition, Davenport et al. (2014b) found evidence for
sympathetic flaring, a domino-like effect where one flaring event triggers more flares.
In this chapter, I use near-constant, high-cadence, photometric observations
from Kepler to garner a more detailed understanding of the nuances of flares on a
single WD+dM system, KOI-256. I address the following questions:
1. Is there evidence for star-star interactions between the WD and the dM that
affects the flaring behavior of the dM?
2. Do the flares coincide with regions of high magnetic activity or star spots?
3. Is the magnetic activity in KOI-256 enhanced above that in field dM comparison
stars, as shown by the results of Chapters 2 and 3?
4. Is there evidence for stellar activity cycles in the dM over the 4-year observed
baseline?
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The layout of this chapter is as follows. In Section 4.2, I describe the properties
of KOI-256, as well as previous observations and discoveries from the literature. In
Section 4.3, I introduce the data from Kepler and describe the properties of the data
and light curves. In Sections 4.4 and 4.5, I discuss my procedure for identifying
and measuring the flares the data provided by Kepler. In Section 4.6, I present the
findings from my analyses. In Section 4.7, I discuss my findings and place them in
the context of the questions posed above. And, finally, in Section 4.8, I summarize
the answers to the primary science questions posed in this chapter.
4.2 Introducing KOI-256 - An eclipsing White dwarf + M
dwarf binary
KOI-256 is an eclipsing, Post Common-Envelope Binary (PCEB) consisting of
a dM and a WD. While PCEBs can have a variety of stellar types, those containing a
dM and a WD are among the most common (e.g., Rebassa-Mansergas et al. 2012a).
However, eclipsing PCEBs are much less common, with only a handful discovered
(Law et al. 2012; Parsons et al. 2012).
There are a few stellar evolutionary consequences for the stellar components in
a PCEB. First the observed orbital separation is not indicative of the natal orbital
separation of the system. This affects the angular momentum histories of the stellar
components. If the natal orbital separation was close enough (< 100 AU), the pri-
mordial circumstellar disks (or one circumbinary disk) were likely truncated, leading
to shorter lifetimes than typical of single stars (Lin & Papaloizou 1993; Artymowicz
& Lubow 1994; Armitage & Clarke 1996). In a system with a truncated disk, the
dM will lose one of its primary mechanisms for angular momentum loss early in its
lifetime. This angular momentum loss leads to inefficient stellar spin down resulting
in faster rotation than expected for an isolated dM of a similar age and mass.
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After the PCEB phase, the dM will have its rotational period tidally synchro-
nized to the orbital period of the system (a system separated by 0.1 au will tidally
synchronize in ∼1 Gyr; e.g., Zahn 1977; Hut 1981), again likely resulting in faster
rotation than for a similar isolated dM. In these cases, the dM has likely never been
able to spin-down efficiently. During the common-envelope phase, little-to-no accre-
tion of the surrounding material onto the dM is expected to occur (e.g., Ivanova et al.
2013), and should have no effect on my subsequent analysis.
Using the high-cadence, precise photometry from Kepler, along with supple-
mental radial velocity measurements, Muirhead et al. (2013) determined the masses,
radii, and temperatures of both components of KOI-256 with high precision. KOI-
256 includes an active M3 dwarf with a mass of 0.51 ± 0.15 M⊙, a radius 0.540 ±
0.014 R⊙, and a temperature of 3450 ± 50 K (Muirhead et al. 2012a, 2013). The
WD has a mass of 0.59 ± 0.09 M⊙, a radius of 0.0135 ± 0.0009 R⊙, and an ef-
fective temperature of 7100 ± 700K. The system has an orbital period of 1.37865
± 0.00001 days, with the dM rotating synchronously with the orbital period (i.e.,
tidally locked). The combined semi-major axis of the system is 0.0250 ± 0.0018 au,
if one assumes near-edge on inclination. This is a good assumption, as the WD is
seen in transit and the plane of the system orbital motion and dM rotational plane
was estimated to be 89.◦01 ± 0.65 (see Section 2.4 of Muirhead et al. 2013).
Muirhead et al. (2013) observed KOI-256 with the KECK-Esi spectrograph
and found Hα in emission, indicating that the dM has a heated chromosphere and
would be classified as active in other studies in the literature (e.g., West et al. 2011;
Morgan et al. 2012). There are also GALEX near-ultraviolet measurements that are
inconsistent with the photosphere of either the dM or the WD and consistent with a
heated chromosphere of the dM.
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Muirhead et al. (2013) used WD cooling tracks from Renedo et al. (2010) to
estimate a cooling time tcool ≈2 Gyr and a progenitor initial mass 1.5 M⊙ < Mi < 3
M⊙, leading to a progenitor lifetime between 1.5 Gyr and 217 Myr (Dominguez et al.
1999), respectively. Note that the progenitor initial mass estimation is unreliable
for WDs in PCEBs due to uncertainty in the initial-to-final mass relationships and
the effects of potential mass transfer onto the white dwarf (Rebassa-Mansergas et al.
2011; Morgan et al. 2012). Regardless, the dM and the WD almost certainly formed
coevally, which places a minimum age of the dM at ≈ 2 Gyr. For reference, the
expected activity lifetime of an M3 dwarf from West et al. (2008) is ∼ 2.0 ± 0.5 Gyr.
More details about the properties of the dM and WD of KOI-256 can be found in
Muirhead et al. (2012b, 2013).
4.3 Kepler Light Curves
Kepler is a space-based mission designed to detect transiting extrasolar planets.
The primary mission mode provided nearly constant photometric coverage over a
105 deg2 field near Cygnus. Kepler collected data using two different modes: a long-
cadence mode with 30-minute integrations (LC), and a short-cadence mode consisting
of 1-minute integrations (SC). Kepler used a single white-light bandpass spanning
∼5000-9000 Å. For KOI-256, the object of this study, there are 20 Kepler light
curves publicly available from the Barbara A. Mikulski Archive for Space Telescopes
(MAST) website. There are 14 LC light curves spanning quarters 1 through 17 (May
2009 - April 2013) and each light curve covers approximately 90 days. There are 7
SC light curves from quarters 6, 7, and 17 (June 2010, September 2010, and April
2013, respectively) that cover approximately 45 days each. The SC data in quarter
17 span only three days total. However, the data are still of high-quality and are
included in my analysis.
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Recently, the entire Kepler database was re-processed using a Bayesian approach
to remove systematics from the LC and SC light curves, the result of which is the Pre-
search Data Conditioning Simple Aperture Photometry (PDCSAP) flux (Smith et al.
2012). For this analysis, I used the PDCSAP flux. Despite the systematic corrections
made by Kepler, each monthly light curve still required some corrections. There are
low-order flux variations that result in the average daily flux value slowly increasing
over time. These long-term changes are likely not astrophysical in nature and need
to be corrected. For each month, I applied a linear least-squares fit to remove the
low-order flux variations. I normalized the flux of each month to fractional flux values
given by: ∆F/F = (Fi - Fo)/Fo, where Fi is the flux measured at each time i, and
Fo is the normalized median flux for the given month. I used the flare-free, reference
light curve, flux values (discussed in Section 4.4) in the normalization process to
avoid including transients (occultations and flares) that may bias the median flux
values.
In Figure 4.1, I show three-day portions for three of the LC light curves (left)
and three-day portions for three of the SC light curves (right). The examples of the
LC light curves are from data collected in quarter 1, quarter 6, and quarter 14 (top,
middle, and bottom panels, respectively), while the SC light curves are from data
collected in early quarter 6, late quarter 6, and quarter 7 (top, middle, and bottom
panels, respectively). The average photometric uncertainty for each light curve is
shown in the upper left-hand corner of each panel.
There are a few things to note in Figure 4.1: 1) the primary flux variation is
due to spot-modulation on the dM, where spots are rotating in and out of view. On
average, lower values of the fractional flux correspond to a lower spot filling factor
(fraction of the surface of the star covered in spots), while higher fractional flux
values correspond to a higher spot filling factor; 2) the occultation of the WD occurs
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Fig. 4.1: The left panels show three-day portions of the LC light curves from quarters 1
(top), 6 (middle), and 14 (bottom) and the right panels show three-day portions of the SC
light curves from quarters 6 (top), 6 (middle), and 7 (bottom). The average photometric
uncertainty is displayed in the upper right-hand corner of each panel. The overarching
large-scale flux variation is due to the rotational spot modulation, the regularly occurring
dip in fractional flux is due to the WD occultation, and the brief, sharp increases in flux
are flares. The WD occultation occurs synchronously with the dM rotation period but not
with the spot coverage of the dM (comparing top left panel and bottom left panel).
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regularly and synchronously with the dM rotation (Muirhead et al. 2012b, 2013),
indicating the system is undergoing tidal effects and is tidally synchronized. It is
also worth noting that while the WD occultation occurs synchronously with the dM
rotation, it does not always occur over a region of high spot filling factor (comparing
top left panel and bottom left panel in Figure 4.1; and 3) flares can be seen in all six
panels as brief increases in flux.
To address the science goals of this study, it is necessary to identify flares and
measure their properties: total integrated flare flux, flare energies, flare peak am-
plitudes, timing and phase of flare peaks, and flare durations. To measure these
properties (particularly for the smallest flares), it is necessary to have a reference
light curve that is free of all flares, but that preserves the periodic flux variations
due to rotational spot modulation and the shape and depth of the WD occultations.
Accurately accounting for the WD occultations is especially important for identifying
and accurately measuring flares near and/or around the ingress and egress of the WD
occultation. In Section 4.4, I discuss my methods for smoothing the data to develop
a flare-free reference light curve for each month in both the LC and SC data.
4.4 Creating Flare-Free Reference Light Curves
To remove flares from the LC and SC data, I followed two primary methods for
identifying and removing outliers: 1) I applied a rolling median filter to remove short
duration outliers; and 2) I used iterative phase-folding, median-filtering, and sigma-
clipping to remove long duration outliers. To start, I separated each light curve into
phase-sized slices and performed a rolling median filter with a window size of 5 time
elements (each element is a Kepler exposure). I performed the rolling-median on
each period-slice of the light curve and removed any points that are three standard
deviations above the local median. The locations of these outliers are recorded. This
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method is particularly adept at removing the smaller flares, especially in the LC
data, where the small flares consist of only one outlying data point (see Figure 4.2).
However, it does a poor job removing the larger flares in the LC data and even some
small-to-medium sized flares (flares spanning 3-5 observations) in the SC data.
Fig. 4.2: The left and right panel shows one-period slice in phase for the LC and SC data,
respectively. The blue points are the photometric observations and the red X’s denote
points that were marked as outliers by the rolling median. The dark blue regions (right
panel), indicate photometric observations that are stacked on top of one another. The
rolling median algorithm measures the local median with a window size of 5 time elements
and removes any points that are three standard deviations above the local median. This
method is a good initial technique for removing single-element outliers but is less successful
at removing the entirety of large flares (see right panel).
To better remove some of the larger, longer lasting flares, I performed an itera-
tive median-filtering and sigma-clipping procedure that takes the following steps:
1. Select a slice of the light curve consisting of two periods of the dM rotation.
2. Phase-fold the slice of the light curve and then sort the flux by phase. The
phase-folding acts to stack the data and build up the signal of the primary
flux variation due to spot modulation, while down-weighting the signal of the
transient events, such as flares.
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3. Apply a median filter with a window size equal to the number of elements in 3%
of the phase (or rotation period of the dM) to produce a median filtered phase
slice. I chose this window size because it smooths over flux outliers, while
preserving the large-scale flux variation due to rotational modulation; larger
window sizes tend to truncate the troughs and peaks of the spot modulation
signal.
4. Calculate the difference between the median filtered phases period slice and
the raw phased period slices.
5. Iteratively sigma-clip any outlying data points greater than 3σ from the median
in the above difference.
6. Record the locations of the outlying data points.
7. Shift period slice over by one period and repeat steps 1-6.
8. Repeat steps 1-7 using slices of the light curve ranging from three to ten periods.
By co-adding more periods together in step 8, I was able to better remove some
of the larger flares that are otherwise missed or were not entirely removed. Figure 4.3
shows the examples of the iterative procedure outlined above for two period-slices
(top), three period-slices (middle), and 10 period-slices (bottom) for both an LC and
an SC example. The iterative method becomes less effective above 10 period slices
because, for larger slices, spot evolution within the period slice becomes noticeable.
The above method would not be able to distinguish between outlying data or a
change in the shape of the light curve due to significant spot evolution.
Once the above procedure is completed, I masked all of the outlying data points
across the entire light curve. I used a linear interpolation method to interpolate across
any gaps that are left behind from removing outliers (or flares). Unfortunately, this
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Fig. 4.3: Various stages of the median filtering and sigma-clipping iterative procedure
are used to remove the larger flares for the LC (left panels) and SC data (right panels).
Individual photometric observations are shown as transparent light blue points, with darker
blue regions indicating many overlapping photometric observations. The black “x”s mark
points removed in a previous loop in the iterative procedure while the red “x”s mark points
removed during the current loop. This iterative median-filtering and sigma-clipping proce-
dure was employed to remove large flares spanning multiple observations. The effectiveness
of this procedure is demonstrated well in the long-cadence data (right panels).
method does not distinguish between flares and the WD occultations, the latter of
which we would like to preserve in the flare-free reference light curve. To re-introduce
the WD occultations back into the flare-free reference light curve, I took the following
steps depending on whether data were of the LC or SC type:
1. In the LC data, I re-introduced the original WD occultations by replacing the
locations of the WD occultations in the flare-free reference light curve by the
WD occultations from the original light curve. This task is simple as the WD
orbits synchronously with the dM rotation and spans phases 0.48-0.52 every
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full rotation period. Once the WD occultation was replaced, I applied a zeroth
order gaussian smoothing kernel (of window size 1 element) to smooth the flare-
free reference light curve. It is necessary to apply a smoothing kernel to remove
jagged edges induced by the WD occultation replacement.
2. For the SC data, I re-introduced the original WD occultations into the flare-free
reference light curve. Unlike in the LC data, the SC data have high enough
time cadencing such that the WD occultation is well sampled can be smoothed,
without significant loss of shape, with a median filter. I applied a median filter
with a window size of 23 elements (25% the extent of the WD occultation)
to smooth across the occultation. Then, I applied a median filter across the
flare-free reference light curve with a window size of the number of elements
in 2% the length of the phase (290 elements); the best performing window
size in smoothing over small-scale variations, while preserving the large-scale
rotational modulation. The smaller median filter (23 elements) was used to
smooth the WD occultation and remove any smaller flares while preserving the
shape of the WD occultation. The larger median filter (290 elements) removed
flares outside of the WD occultation but also removed the WD occultation. By
combining the small median filtering (23 elements) and the larger median filter
(290 elements), I recover a smoothed, flare-free reference light curve in and out
of the WD occultations.
In Figure 4.4, I show three examples, in both the LC and the SC, of the flare-free
reference spectrum using the methods described above. The photometric data points
are in black and the units are in normalized flux values. The average uncertainty
across each light curve is shown in the upper left-hand corner of each panel. The flare-
free reference light curve is displayed as a solid green line, with 3-sigma error shadows
(designated by the photometric uncertainties) as a lighter, transparent green.
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Fig. 4.4: The left panels show three-day portions of the LC light curves from quarters 1
(top), 6 (middle), and 14 (bottom) and the right panels show three-day portions of the SC
light curves from quarters 6 (top), 6 (middle), and 7 (bottom). Plotted are the same regions
shown in Figure 4.1. Here, the raw data are shown as black filled circles and the resulting
flare-free light curve described above is shown in green. The 3σ about the flare-free light
curve is shown as transparent green shadows.
One of the challenges in the LC data is identifying flares very near to the WD
occultation, especially near the ingress and egress. The occultation event has a dura-
tion of ∼60 minutes and is covered by no more than three consecutive observations.
A limitation in my flare-free reference light curve method is in removing flares with-
out disrupting the shape of the ingress and egress of the WD occultations. If the
flare-free reference light curve is unreliable near the ingress and egress, this will lead
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to a bias in measuring flares, particularly for the smaller flares, near the WD oc-
cultations. I took this measurement bias into careful consideration in the following
analysis.
Another challenge in analyzing the LC data is that the 30 minute cadence results
in comparatively coarse flare duration determinations, compared to the 1 minute time
resolution of the SC data. Any flare shorter than 30 minutes will automatically be
given a 30 minute duration in the LC. This will result in the flare energy being spread
across longer time baselines and result in smaller amplitude flares in the LC data as
compared to the same flares in the SC data. However, the underlying flare energy
should be preserved.
Neither of the above issues pose problems for the SC data due to the one-minute
cadence. The WD occultations were well sampled and I was able to identify small-
to-medium sized flares occurring inside the transit as well as near the ingress and
egress. One caveat however, is that the noise per exposure is appreciably higher in
the SC data (due to shorter exposures) compared to the LC data and low amplitude
flares may not be distinguishable above the noise.
4.5 Flare Identification, Validation, & Measurements
I used the flare-free reference light curve from the previous section as a baseline
for identifying and measuring various properties of the flares. To identify the flares,
I took a two-step process. First, I identified flare candidates using a probabilistic
approach to identify points that lie above a noise threshold. Second, I visually
validated each flare candidate by eye using a manual flare plotting and identification
tool, fbeye.pro (for more details see Davenport et al. 2014a), developed in IDL.
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4.5.1 Flare Identification & Validation
Flare candidates were first identified using a probabilistic approach. From the
raw light curve, I subtracted the flare-free reference light curve to create a “flattened”
light curve. This process removed the rotational modulation from star spots as well
as from WD occultations, leaving a flat light curve plus flares. For each individual
observation, I calculated the probability of that observation being significantly above
the noise. I set my detection threshold such that I could be 99% certain that the
flares I identified were real detections.
The first step in finding flares was identifying flare candidates as regions of flux
increases. Because flares can be seen in consecutive exposures and successive flux
increases have a higher probability of being real, I also identified flare candidates
that were observed in two, three, or four consecutive epochs. For each epoch, or
set of epochs, I calculated the local mean and standard deviation of the “flattened”
flux. The local region used for the mean and standard deviation was defined as 30
points on either side of the flare candidate for the LC data and 100 points on either
side of the flare candidate for the SC data. Any points that were marked as outliers
from the analysis in Section 4.4 were masked from the local region. Masking any
outliers helped reduce unwanted contributions from other nearby flare candidates to
the mean and standard deviation. Then, I calculated how many standard deviations
that exposure (or set of exposures) was above the local region, assuming a normal
distribution. The number of standard deviations represents the probability of that
epoch being a false-positive, or P(false_positive).
I wanted to set the flare detection threshold such that across a given quar-
ter, at least 99% of the flares would be real detections. Naively, one could use a
threshold of P(false_positive) < 0.01 to determine if a flare is statistically signifi-
cant. However, if there are enough observations in a given light curve (quarter), the
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P(false_positive) < 0.01 threshold is not enough to ensure that 99% of the flares
identified across the entire quarter are statistically significant. As such, I scaled each
probability by the number of observations by multiplying P(false_positive) by the
number of exposures in the quarter. For a single epoch flaring event (and a light
curve with ∼1000 exposures), the flare must be a ∼4.4-sigma detection event to have
a >99% probability of being a real flare. The more consecutive epochs that the
flaring event covers, the less stringent this requirement becomes. For example, if the
flare subtended three consecutive epochs, then each individual epoch need only be a
∼2.3-sigma detection (given a light curve of ∼1000 exposures). This is because three
consecutive ∼2.3-sigma events are just as unlikely to occur as a single ∼4.4-sigma
detection, given a normal gaussian distribution. As described above, the probability
and threshold for determining flare candidates takes the following form:






×Nepochs ≥ 0.99, (4.1)
where n is the number of consecutive epochs in the flare candidate, Nepochs is the
total number of epochs in the light curve, and P(false_positive) is the probability of
measuring the observed value above the local mean, assuming a normal distribution.
Using this threshold, there is a greater than 99% probability that all of the flares
identified using this method are real.
As a second check, all of the flare candidates were validated by eye using an
IDL software package called fbeye.pro, described in more detail in Davenport et al.
(2014a) and freely available online (http://github.com/jradavenport/FBEYE). Not
only is validating each flare by eye necessary to ensure the fidelity of the sample, but
it has the added benefit of being able to manually identify the start and stop times
of the flares for more accurate flare durations. As described in Hawley et al. (2014),
automatic methods for identifying flares typically underestimate the flare durations
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by around ∼20% due to truncating the location where the flare ends during the
gradual decay phase. However, this underestimate in the flare duration does not
significantly affect the measurement of the flare size or underlying flare energy, as
the amount of energy in the the tail of the decay phase is relatively small.
During the visual inspection process, ∼23% of the flare candidates identified in
the LC data were removed and ∼10% of the flare candidates identified in the SC
data were removed. In the LC data, many flare candidates were falsely identified in
the ingress and egress of the WD occultation. As discussed at the end of Section 4.4,
one of the limitations in my method of creating the LC flare-free light curve was
accurately accounting for the WD occultation. In several instances, the ingress and
egress were not reproduced well and candidate flares were falsely identified in this
regime. In addition, sometimes the flare-free light curve underestimated the peaks
caused by the rotational spot modulation, which occasionally led to falsely identifying
flares. Most of the false-positives in the SC data were due to my probability method
marking large flares (multiple-exposures) as multiple flare candidates. This can occur
if there are more than three consecutive points, within the flare, that do not meet
my probability threshold. This will then cause my method to break a large flaring
event into multiple smaller events.
After visual inspection, my flaring sample consisted of 1526 flares identified
in 14 quarters of the LC data and 224 flares identified in six quarters of SC data.
Given the above analysis, I am confident that more than 99% of these flares are real
detections. Figure 4.5 shows the previous light curves from Figures 4.1 & 4.4, with
the verified flares marked with open blue circles. Overall, KOI-256 spends ∼3% of
the time observed in the LC data in an active flare state with an average of ∼1.5
flares per day.
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Fig. 4.5: Left panel: three-day portions from long-cadence quarters 1 (top), 6 (middle), and
14 (bottom). Right panel: three-day portions of short-cadence data from quarters 6 (top),
6 (middle), and 7 (bottom); the same regions as shown in Figures 4.1 & 4.4. The raw data
are shown with black points, the flare-free reference light curve is denoted in green, with
3σ about the flare-free reference light curve in light green, and the flares marked by open
blue circles. The size of the blue circles scale roughly with the size of the flare, quantified
using the underlying flux.
4.5.2 Flare Measurements
Multiple properties were measured for each flare that satisfied the probability
detection threshold. Figure 4.6 shows all of the measured flare properties against one
another. In each panel, the green “+” symbols are all the flares that were identified
in the LC data and the orange “+” symbols are all the flares that were identified
in the SC data. Plotted from left to right (and top to bottom) are: log of the flare
peak in fractional flux(normalized units), the fractional flux of the flare-free reference
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light curve at the location of the peak of the flare (i.e., the fractional flux value at
the base of the flare), log of the amplitude of the flare, the log of the duration of
the flare (seconds), log of the flare energy (erg) as measured in the broad white-light
bandpass of Kepler, and the phase of the flare. Each panel along the diagonal shows
normalized histograms of the corresponding x-axis flare property, green histograms
for LC data and orange histograms for SC data. I describe in detail how each of the
properties were measured below.
The peak of the flare is defined as the fractional flux value, where the flux is at
a maximum value during the duration of the flare. The base of the flare is defined
as the fractional flux value of the flare-free reference light curve where the peak of
the flare occurs. In other words, the base of the flare is the fractional flux of the
underlying flux variations due to the rotation of the dM. The flare amplitude is the
difference between peak and base flux values of the flare. The peak phase of the flare
is the location in phase where the flare is at its maximum flux value. KOI-256 is a
tidally synchronized close binary system, so the phase represents both the rotational
phase of the dM and the orbital phase of the WD.
Each flare start and stop locations were manually defined when validating the
flares by eye. Classical flare morphology consists of a rise phase – a quick increase in
flux within a few minutes or less, and a decay phase – a gradual decay in flux that can
last from ten minutes to hours. The beginning of the flare was marked at the start
of the rise phase, where the flare flux rises above the local mean flux. The end was
marked at the end of the decay phase, where the flare flux returns to the levels of the
local mean flux. In the SC data, flare durations have time resolution of one-minute
intervals, whereas in the LC data, flares have time resolution of 30-minute intervals.
This is demonstrated in Figure 4.6, where the flare durations in the LC occur at
30-minute intervals, whereas the SC flares continuous. The difference in exposure
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times results in a large discrepancy in flare durations measured between the LC and
SC data for smaller flares and more comparable flare durations between the LC and
SC data for the larger flares.
The energy of the flare was calculated by measuring the area underneath the
flare in the light curve, or equivalent duration of the flare (analogous to equivalent
widths of spectral lines), and then multiplying by the quiescent (non-flaring) lumi-
nosity of the star. The equivalent duration was calculated by using a trapezoidal
sum technique to integrate the fractional flux over the duration of the flare. For
the purposes of measuring flare energies, I used the normalized light curves with the
rotational modulation signal intact. To account for the rotational modulation and
WD occultations, I masked out the flare in the flare-free reference light curve and
fit a 2nd order polynomial across the gap of the masked flare. I used the flare-free
reference light curve to fit the polynomial because it reduces the likelihood of a poor
fit from other nearby flares. In the LC data, I used a version of the flare-free refer-
ence light curve where the occultations were fully removed. Without removing the
occultations, the polynomial fit near occultations can be quite poor and result in
overestimated equivalent durations. The equivalent duration has units of time and
can be converted to Kepler flare energy by multiplying by the quiescent (non-flaring)
luminosity of the star in the Kepler bandpass.
The following steps were taken to find the quiescent luminosity of the star in
the Kepler bandpass: 1) I determined the quiescent Kepler flux at Earth using the
measured apparent magnitude (mKp) and the Kepler zero-point magnitude (Kp0);
and then 2) and then multiplied by 4πd2 (which required the distance to the star)
and the Kepler filter FWHM (4000 Å). I used mKp = 15.373, the value reported
by Kepler, which combines both the flux from the dM and WD (mKp = 15.40 for
just the dM component). I used Kp0 = −20.24, the Kepler zero-point magnitude
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derived in Hawley et al. (2014) by convolving spectrophotometric data of GJ 1243
with the Kepler filter bandpass and then solving for the specific flux in the Kepler
bandpass, 6.66 × 10−14 erg s−1 cm−2 Å−1. The distance to KOI-256 was determined
using a dM spectrophotometric parallax relation in the J-band Lépine et al. (2013)
and the J-band magnitude from the 2-Micron All Sky Survey (Skrutskie et al. 2006,
2MASS; ); the resulting distance has an estimated uncertainty of ∼20% (Lépine et al.
2013). From the steps above, I found the quiescent luminosity for KOI-256 to be
log LKp = 31.62±0.02 erg s−1 (for the entire WD+dM system). As in Hawley et al.
(2014), I adopted similar estimates for the errors of luminosity, which is a result of the
uncertainties in the Kepler zero point magnitude, the measured Kepler magnitudes,
the distance from the spectrophotometric parallax relation (distances found using
photometric parallax as in Hawley et al. (2014) also have uncertainties of ∼20%;
Lépine et al. 2013), and the equivalent duration measurements from the Kepler light
curves.
There are a few trends to note among the flare properties shown in Figure 4.6.
As discussed above, the time durations in the SC data have time resolution of 1-
minute integer intervals, whereas LC data have time resolution of 30-minute integer
intervals. This leads to offsets in the distributions of both flare amplitudes and flare
peaks (value of the fractional flux at the peak of the flare). The flux from the flares
in the LC data is spread across a longer duration, which leads to a lower peak and
thus, smaller flare amplitude. However, the areas underneath the flares measured
in the SC and LC data are the same and the flare energies measured in SC and
LC are comparable. This is demonstrated in the log EKp histogram in Figure 4.6,
where the log EKp distributions of SC and LC agree. There is no obvious trend
in flare occurrence with phase, however, I will investigate this in more detail in
Section 4.6.1. Finally, the flux values at the base of the flare trace the underlying
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Fig. 4.6: From left to right (top to bottom): Fractional flux of the flare peak (normalized
units), fractional flux of the flare base, flare amplitude, flare duration (seconds), flare energy
(erg) in Kepler white-light bandpass, flare phase, flare SNR. Green “+” denote LC flares
and orange “+” denote SC flares. Each panel along the diagonal shows a histogram of the
corresponding x-axis flare property (green for LC, orange for SC).
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rotational modulation in the dM from star spots. The different trends in the SC and
LC data in the flare base flux values are because the LC spans a four-year baseline
and is more sensitive to long term spot evolution than the SC data, which only spans
six consecutive months.
4.5.3 Matching flares between short- and long-cadence
For quarters 6 and 7, both SC and LC data are available. This provides an
opportunity to compare flares that are identified in both the SC and LC data, and
determine a flare energy cut-off, in which flares in both cadences were consistently
statistically significant. One concern in using the SC and LC flares in conjunction in
this analysis are any cadence-specific biases, particularly, a bias in the orbital phase
(or rotational) that could negatively affect the ability to determine any correlation
in flare occurrence rate as a function the WD orbital phase.
Despite the all of the flares being statistically significant with 99% confidence, as
described in Section 4.5.1, a statistically significant flare observed in the LC data will
not always also be statistically significant in the SC data, and vice versa. Generally
speaking, the probability threshold for the SC and LC are different, thus the two
different types of data will be sensitive to different types of flares. Very few, if any,
of the largest flares were missed in either the SC or the LC data, indicating that my
completeness for the large flares is near 100% between the two cadences. However,
for the smaller flares, there is significant discrepancy between flares seen in the LC
and SC data. I attributed this discrepancy to the LC and SC data being sensitive to
different types of flares with different flare morphologies.
Figure 4.7 shows the flare energies, measured in the LC data as a function of
the flare energies measured in the SC data, as blue ‘+’ marks. The blue solid line is
the best-fit line to the data and the dashed black line is unity between the SC and









Fig. 4.7: Comparing flare energies of matching flares that were identified in both the LC
and SC data. The blue ‘+’ marks are the matching flares, the blue solid line is the linear
best fit, and the black dashed line is unity in flare energies between the LC and SC data. In
general, the largest flares are more consistent with one another than are the smaller flares.
This is attributed primarily to differences in start and stop times between cadences and an
underestimate of the SC flares because larger portions of each flare are lost in the higher
levels of noise, effectively truncating most of the SC flares.
[erg] between the cadences, with less scatter towards larger flare energies (log EKp
> 33.5). The scatter in flare energy is most likely due to: 1) the location where the
start and stop times for each flare were decided; and 2) flares close together in time
that may be marked as single flares in the LC data but are distinct, separate flares in
the SC data. If the start and stop times for the flares are underestimated, especially
in one cadence versus the other, then not all of the flux of the flare will be measured,
leading to an underestimated flare energy. This effect is strongest in the SC data,
where the tail-end of the decay phase of the flare can easily be truncated due to
the relatively higher noise. By contrast, in the LC data, the 30-minute minimum
flare duration usually leads to an overestimated flare duration and encapsulation of
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the total flare energy, without truncation of the tail-end of the decay phase. Below,
I define the flare energy cut-offs for the SC and LC data to enable a criteria for
completeness between the SC and LC flares, allowing further analysis to use both

















Fig. 4.8: Panel A (bottom left): Flare energy (erg) as a function of orbital/rotational
phase, for flares identified in both SC and LC data (green open circles), flares identified
only in SC data (open yellow squares), and flares identified only in LC data (red ‘X’s). Panel
B (bottom right): cumulative histograms of flare energy for the matching flares (green), SC
data flares only (yellow), and LC data flares only (red). The solid colored lines in panels A
and B are 90% completeness limits drawn at a log EKp > 32.55 [erg] for the SC data (orange
solid line) and at log EKp > 32.92 [erg] the LC data (green). Panel C (top): the LC flares
above the 90% completeness limit binned by phase as a green line with the error shadows
being representative of the binomial distribution errors. Similarly, the SC flares are shown
as an orange line. Flares near the WD occultation (phase ∼0.5) are underrepresented in
both the SC and LC data. Flares at a phase of ∼0.0 are also underrepresented in the LC
data. The dearth at ∼0.5 is expected as there is a significant measurement bias of flares
near the WD occultations, whereas the dearth near phase ∼0.0 is unexpected and is at the
phase in which the WD is transiting the dM.
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Panel A of Figure 4.8 shows flare energy as a function of phase, for flares that
matched between the SC and LC data (green open circles), the flares in the SC data
that had no corresponding match in the LC data (open yellow triangles), and the
flares in the LC data that had no corresponding flare in the SC data (red ‘X’s). Panel
B of Figure 4.8 shows the cumulative histograms of the flares energies for matching
flares (green histograms), the SC flares with no LC match (yellow histograms), and
the LC flares with no match in SC data (red histograms). Using the cumulative
histograms in panel B, I defined flare energy cut-offs in both the SC and LC flares in
which 90% of the flares matched between the two cadences. The green solid line is
the the 90% completeness limit in the LC data, which is drawn at log EKp > 32.92
erg. Above this energy, 90% of the flares in the LC data, that were statistically
significant and verified by eye were also statistically significant and verified by eye
in the SC data. Similarly, the orange solid line is the 90% completeness limit in the
SC where the line is drawn at log EKp > 32.55 erg. Panel C of Figure 4.8 shows the
fraction of matched flares as a function of rotational phase of the dM (and orbital
phase of the WD). The orange line is the 90% completeness limit for the SC with
orange error shadows representing the binomial distribution errors while the green
line and error shadows are for the LC.
KOI-256 is relatively faint (mKp = 15.373) when compared to the other current
Kepler dM flare studies (mKp = 10.9-12.7, Hawley et al. 2014), meaning this current
analysis will be less sensitive to weaker flares, especially in the SC data, where the
exposures are only 1-minute long and the noise is higher. In the SC data, the higher
noise leads to the flare candidate probability threshold being higher, which means
these data are not sensitive to long-duration, low amplitude flares, whereas they are
sensitive to short duration, high amplitude flares. In the LC data, it is possible that
short-duration, high amplitude flares were averaged over the 30-minute duration
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and did not appear as a statistically significant flux increases. In addition, this
analysis misses small LC flares near the WD occultation, where weaker flares are
difficult to distinguish from artifacts left over from poor flare-free reference light
curve subtraction.
One of the primary science goals for this study was determining if the orbital
phase of the WD correlates with flare occurrences on the dM. I used the overlapping
cadence data as an opportunity to determine the flare occurrence completeness as
function of phase. In panel C of Figure 4.8, I show the SC data (orange) and LC
data (green) fraction of matching flares above the 90% completeness limit (defined in
panels A & B) binned by phase. Flares identified in the LC data are underrepresented
at phases ∼0.0 and ∼0.5, where the SC flares are underrepresented only in ∼0.5. In
the LC data, the dearth of flares at ∼0.5 is expected as this is the location of the
WD occultation where identifying flares is very difficult.
As for the dearth at a phase of ∼0.0, there is no obvious feature in the light curve
at that phase that should inhibit measuring flares. Interestingly, this is approximately
the phase at which the WD is in transit. The WD is four magnitudes fainter (mKp
= 19.45) than the dM (mKp = 15.40) and thus, the signal of the WD transit is
extremely faint. To detect the WD transit, Muirhead et al. (2013) binned many
phases together to build enough signal to detect the transit. For this reason, I expect
no bias measuring flares during the time of transit. The dearth of flares at the time
of the WD transit could be tantalizing evidence that perhaps the WD is preventing
flares from occurring or obstructing flares from view. Although, the exact physical




In this section, I discuss how my results inform the following four questions: 1)
is there any correlation between stellar flares on the dM and the WD orbital phase;
2) are the flares correlated with active regions (or star spots) on the dM; 3) does
KOI-256 show enhanced activity, when compared to other dM flares studies using

















Fig. 4.9: Flare energies in the Kepler bandpass (log EKp) as a function of time in days.
The long-cadence data are colored in light green and dark green, while the SC data are
shown in light orange and dark orange. The colors oscillate in the two different samples to
aid in visually separating the different quarters of data, which were independently analyzed.
The top panel shows the full-range of the data and the bottom panel zooms into the regime
where the SC and LC overlap. The open black squares are the median values for each
individual LC light curve and the open black circles are for the SC data. The error bars for
both samples are the 25th and 75th quartile values.
Figure 4.9 shows all of the (statistically significant) flares as a function of time.
The SC flares are shown as filled circles with different shades of orange while the LC
flares are filled squares with different shades of green. The alternating color-schemes
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indicate data from different quarters or months for the LC and SC, respectively. The
top panel of Figure 4.9 shows the full time extent of the data, while the bottom panel
zooms in to the region where the SC and LC overlap. There are four gaps at ∼400,
750, 1150, 1550 days where no data were available.
In both the top and lower panel, the open squares represent the median flare
energy for LC flares of that quarter and the error bars represent the 75th and 25th
percentiles. Similarly, the open circles are the median flare energy for SC flares of
that month and the error bars are representative of the 75th and 25th percentiles.
The median flare energies are consistent, quarter-to-quarter, across the four year
baseline. The same is true for median flare energies, month-to-month, in the SC.
The flare energies in the SC and LC data are consistent with one another. If nothing
else, this consistency in flare energy gives me confidence in comparing flares across
















Fig. 4.10: Flare energy as a function of the phase (as determined by the rotation period of
the dM). The gray-shaded area is the location of the WD occultation. The dearth of long-
cadence flares in the region is due to the inability to measure the flares near the occultation
rather than an astrophysical phenomenon.
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In Figure 4.10, I plot the flare energy as a function of phase for all of the
(statistically significant) flares. The SC flares are shown as filled orange squares and
the LC flares are shown as filled green squares. Again, I find that the LC and SC
flare energies are consistent. There is a lack of flares seen near the WD occultation
(denoted by the gray outline at phases 0.48-0.52) in the LC data. In the SC data,
flares can be identified near the WD occultation and even inside the occultation in
a few cases.
4.6.1 Flare Occurrence Rate as a function of White Dwarf Orbital Phase
Fig. 4.11: The number of flares as a function of phase for all of the data (panel A, black),
the LC (panel B, blue), and SC (panel C, orange). In all panels, the black histograms show
the respective data binned using the Bayesian blocks method, which statistically chooses
the optimal number of bins and bin sizes that best represent the underlying data. In panels
A (all data) & B (long-cadence data), a statistically significant dearth of flares is seen at
a phase of ∼0.5. The dearth at a phase of ∼0.5 is expected due to the measurement bias
(in the LC data) in measuring and identifying flares near the WD occultation. Aside from
the expected dearth at ∼0.5, the Bayesian block method found only one bin is necessary to
represent the underlying flare distribution, indicating no statistically significant trend with
flare occurrence rate and WD orbital phase.
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In this section, I investigate whether or not there is a correlation between the
flare occurrence rate and the orbital phase of the WD. Figure 4.11 shows histograms
for the normalized number of flares as a function of phase for all of the data (panel A,
black histograms), the long-cadence data (panel B, blue histograms), and the short-
cadence data (panel C, orange histograms). These are all the statistically significant
flares that were measured and the 90% completeness limit has not been imposed.
One method of determining whether flares are correlated with the orbital phase of
the WD is by performing a Kolmogorov-Smirnov test (KS test, Press et al. 1992)
to determine how likely the flare distribution is to be drawn from some underlying
flare distribution population. However, since the underlying flare distribution as a
function of WD orbital phase is unknown, I chose to use a method that made no
assumption on the underlying flare distribution. I chose to use a Bayesian framework
for choosing statistically significant bins to best represent the underlying data. In
each panel, the solid black lines are histograms that were drawn using the Bayesian
blocks method (Scargle et al. 2013). The Bayesian blocks method is a method of dy-
namically choosing the number of bins and bin widths to best represent the data. The
Bayesian block method identifies statistically significant features from random obser-
vational noise, i.e., each bin that is chosen is statistically significant. The Bayesian
block method was chosen To determine the Bayesian blocks, I used python software
from VanderPlas et al. (2012).
Aside from the dearth of flares at a phase location of ∼0.5, the location of the
WD occultation and the source of significant flare measurement bias (see Figure 4.8),
there is no correlation with flare occurrence as a function of phase. In panel C (SC
flares), the Bayesian block method found that only one bin is needed to represent
the underlying data. In other words, there is no statistically significant trend with
flare rate and the WD orbital phase.
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Fig. 4.12: Similar to Figure 4.11, panel A plots flares as a function of phase for all flares
EKp > 32.89 (black), panel B plots the LC flares with EKp > 32.92 (90% completeness,
purple), and panel C plots SC flares with EKp > 32.55 (90% completeness, blue). Panels
A & B are similar to what was seen in Figure 4.11. In panels A & B, the WD occultation
(phases 0.48-0.52) leads to a measurement bias in the smaller flares, causing a dearth of
flares. A decrease in flare occurrence is seen phases of ∼0.0 and 1.0, approximately where
the WD is transiting the dM and potentially removing the smallest flares from our line of
sight. No significant trend in flare occurrence as a function of phase is seen in the complete
SC flares as determined by the Bayesian blocks procedure.
Figure 4.12 shows histograms of flare occurrence as a function of phase for the
LC and SC flares with their respective 90% completeness cut imposed. Panel A of
Figure 4.12 shows the histogram (black) of the SC and LC flares with log EKp > 32.92
erg (90% completeness limit for the LC data), panel B shows the histogram (purple)
for LC flares with log EKp > 32.92 erg (90% completeness limit for the LC data),
and panel C shows the histogram (blue) for SC flares with log EKp > 32.55 erg (90%
completeness limit for the SC data). The black outlines are the Bayesian blocks as
defined earlier. As in Figure 4.11, the decrease in flares at a phase of ∼0.5 is due to a
measurement bias for small flares in the LC data. One difference between Figure 4.11
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and Figure 4.12 is the lower bin chosen for the the flares from phases ranging from
0.0-0.5. When looking at the colored histograms in panels A and B, there appears
to be a dearth at ∼0.0 phase. While this decrease is not significant given the bins
chosen by the Bayesian block procedure, the decrease occurs approximately at the
phase where the WD is in transit around the dM (phase of ∼0.0). The transit signal
is very weak and does not contribute to any bias in measuring flares. For the flares
above the 90% completeness limit, there is no statistically significant evidence for
the WD attenuating flares on the dMs, in or out of transit.
Fig. 4.13: Same as Figures 4.11 & 4.12, but showing the flare distribution as a function
of phase broken down into different energy bins. The lowest energy bin (log EKp < 32.92
erg) is for flares that were below the completeness limit. The higher energy bins (32.92 erg
< log EKp < 34.71 erg) are the flares that were all above the completeness limit. Only the
histograms as determined by the Bayesian block method are shown. The measurement bias
in flares near the WD occultation is seen in the two lowest energy bins but then disappears
at the three higher energy bins. No significant trend in flare occurrence as a function of
WD orbital phase is observed.
Figure 4.13 shows the flare occurrence as a function of phase for only the LC
flares, separated by flare energy. The flares are separated into the flares that satisfy
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the completeness limit for the LC, log EKp < 32.92 (purple), and then evenly spaced
bins in flare energy for flares above the 90% completeness limit, 32.92 erg < log EKp
< 34.71 erg. Only the histograms as determined by the Bayesian block method are
shown. I see similar trends as seen in Figures 4.11 and 4.12 where the Bayesian
block is effectively choosing one bin to represent the underlying flare distribution as
a function of phase. The dearth at phase 0.5 is still seen in the lowest energy bins
(purple and blue) but is no longer statistically significant at the three higher energy
bins. Figure 4.13 is further evidence that there is no correlation with flare occurrence
and the orbital phase of the WD.
Fig. 4.14: The number of flares as a function of phase for each quarter of the LC data (left
panel, green histograms) and each month of the SC data (right panel, orange histograms).
Only the histograms using the Bayesian block method for determining number of bins
and bin sizes are displayed. In the left panel (LC), the number of flares changes quite
significantly month-to-month. In both panels, with few exceptions, the flare distribution as
a function of phase is represented by a single bin across phase. There is no significant trend
of flare occurrence as a function of phase, quarter-to-quarter or month-to-month.
As one final check, I plot the number of flares as a function of phase for each
quarter or month of Kepler data, analyzed independently. Here, I do not plot the un-
derlying data but instead show the binned histograms as decided using the Bayesian
blocks procedure (Figure 4.14). The left panel shows the Bayesian block histograms
for each quarter of LC observations in different shades of green while the right panel
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shows the SC observations in orange. The flares shown are only those that passed
the 90% completeness limits as described Section 4.5.3 and defined in Figure 4.8. As
seen in Figure 4.14, a single bin was chosen for each quarter of the LC flares, with the
only exceptions being the quarters that were much shorter than the others and had
less data. On a quarter-by-quarter basis, there is no statistically significant evidence
for the flare occurrence rate to correlate with the WD orbital phase in the LC flares.
The same is true on a month-by-month basis for the SC flares.
4.6.2 Flare Occurrence Rate with M dwarf Spot Coverage
In the previous section, I found no obvious correlation between the number of
flares and the orbital phase of the WD. Flares are expected to originate from active
regions on the surface of the star. Therefore, there may be some correlation between
flares and spot coverage. In this analysis, I approximated spot coverage on the dM
using the flare-free reference light curve fractional flux values. In Section 4.3, I defined
fractional flux as (Fi - Fo)/Fo, where Fi is the flux measured at each time i, and Fo
is the normalized median flux for the given month. Spots on the surface of the star
are cooler and produce less flux than the un-spotted portion of the star. Generally
speaking, near the peaks of the rotational modulation flux variations (Figure 4.1),
where fractional flux is larger (or more positive), indicates that the dM is brighter
and has fewer spots than when fractional flux is smaller. The peak-to-peak amplitude
(∆F) can also be used as a proxy for spot coverage on the surface of the dM. However,
peak-to-peak amplitude can be degenerate; when the star has a high enough spot
filling factor, the brightness variations will decrease as the contrast between spotted
and non-spotted regions reaches equity. The amplitude will also depend on how
the spots are distributed. More densely packed spots will lead to higher contrast,
whereas equally distributed spots will lead to a lower contrast. In this section, I
use the values of fractional flux, rather than the peak-to-peak amplitude (due to
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degeneracies described above), as a proxy for dM active regions. In the following
sections, I will refer to higher values of fractional flux as indicative of a lower spot
filling factor, with fewer spots on the surface of the dM facing the observer. Similarly,
where fractional flux is lower, as indicative of higher spot filling factor, more spots
on the surface of the dM face the observer, leading to lower overall brightness.
Figure 4.15 shows a continuous phased light curve map for all of the light curves
available for the LC (top panel) and SC (bottom panel) data. The light curves are
mapped as a function of both rotational phase (or equivalently longitude on the dM)
and time (days). Redder colors represent higher levels of fractional flux (∼ 0.04),
while bluer colors represent lower levels of fractional flux (∼ −0.04). The flux being
presented in Figure 4.15 is the flux from the flare-free reference light curve with
the WD occultation removed. Only the flux variation due to the rotational spot
modulation is being shown.
In the top panel, each pixel represents the binned median fractional flux value,
with a height of 2% of the phase (phase coverage of 0.02) and a width of three times
the dM rotation period (1.37 days), or WD orbital phase. In the bottom panel, each
pixel represents the binned median fractional flux value with a height of 2% of the
phase (phase coverage of 0.02) and a width of six times the dM rotation period. The
dotted lines represent the region in phase where the WD occultation is occurring.
Positive values of the fractional flux (red) indicate a lower spot filling factor. Negative
values of fractional flux (blue) indicate a higher spot filling factor.
Davenport et al. (2014a) made a similar continuous phased light curve map for
GJ 1243, an active M3 dwarf observed by Kepler, and saw evidence for a long-lived
primary spot and differential rotation, from spot evolution in phase (or longitude).
GJ 1243 is one of the most active dMs observed by Kepler, with more than 600 flares
over 11-months of SC data (Davenport et al. 2014b). GJ 1243 has a rapid rotation
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Fig. 4.15: A continuous phased light curve map showing all light curves from the LC (top
panel) and SC (bottom panel). Each pixel is the binned median fractional flux value with
a height of 2% of the phase and a width of three times the dM rotation period, colored by
fractional flux (as indicated by the color bar). Bluer colors indicate lower flux values, where
there is more spot coverage. Redder colors indicate higher flux values, where there is less
spot coverage. The dotted horizontal lines in each panel highlight the phase where the WD
occultation occurs. Long-term spot evolution (as indicated by the dark blue bands) do not
seem to correlate with the WD occultation, indicating that the WD is not influencing the
long-term spot evolution on the dM.
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period of ∼0.54 days, which is faster than that of KOI-256’s ∼1.37 days. In GJ 1243,
there was one spot that was long-lived and its position in phase remained constant
over the four-year baseline. In addition, Davenport et al. (2014b) observed smaller
spot patterns that drifted downwards in phase, sometimes disappearing altogether.
Davenport et al. (2014b) provided evidence for not only spot evolution on relatively
short timescales also differential rotation as the spot’s longitude changed over the
spot’s lifetime.
In KOI-256, there is no evidence for a long-lived spot that remains at the same
phase over time. The width and brightness of the blue bands in Figure 4.15 change
over time; these changes are indicative of the spots evolving with time and changing
both their location in longitude on the dM as well as the spot contrast (a function
of spot size, spot density, and/or filling factor). The downward drifting in phase
over time is indicative of differential rotation. There is no long-lived spot pattern in
KOI-256, while there was one in GJ 1243. Perhaps the differential rotation is more
dramatic in KOI-256 than in GJ 1243. The effects of differential rotation are more
pronounced at higher stellar latitudes than at the equatorial region, thus, the spots
in KOI-256 may be found nearer to the poles than in GJ 1243. The orbital and dM
spin inclination of KOI-256 were measured to be 89◦.01±0◦.65 by Muirhead et al.
(2013).
One study suggested that close WD companions can induce a hot spot on the
surface of the dM, leading to Hα emission not due to strong magnetic activity on the
surface of the dM, but rather, a hot-spot facing the WD inducing Hα in emission
(Rebassa-Mansergas et al. 2012a). An observational signal of this effect would be
higher values of fractional flux that consistently coincide with the transit of the WD.
In KOI-256, I found no evidence for a hot spot in the photosphere of the dM being
induced by the close WD companion.
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Using a sample of eight WD+dM Post-Common Envelope Binaries (orbital
periods less than 10 days), Rebassa-Mansergas et al. (2013b) defined the following











where Fint is the intrinsic flux of the dM, Firr is the flux irradiance by the WD, TWD
is the effective temperature of the WD, RWD is the radius of the WD, TdM is the
effective temperature of the dM, and a is the semi-major axis of the system. Using
time-series photometry, Rebassa-Mansergas et al. (2013b) saw evidence for irradiance
in two of the eight WD+dM PCEBs and empirically determined that when Firr >
1/3 Fint, the system is in the regime where irradiation on the dM by the WD becomes
significant. In this regime, hot-spots on the dM induced by the WD are likely and
Hα emission may be dominated by irradiance rather than chromospheric heating due
to magnetic activity on the dM.
Using the values reported by Muirhead et al. (2013) of TdM= 3450±50K, TWD=
7100±800 K, RWD= 0.0135±0.0009 R⊙, and a= 0.025±0.002 AU, I find that Fint
>> Firr. The WD in KOI-256 should not be inducing hot-spots on the surface of the
dM or inducing an Hα emission signature. In Figure 4.15, this is confirmed by a lack
of a WD induced hot-spot. The KOI-256 system is viewed nearly equatorially-on, if
there exists any long-lived, stable, equatorial spot (or collection of spots), it should
have been detectable.
Figure 4.16 show the same continuous phased light curve map as in Figure 4.15,
now overplotting with flares as green open circles. The sizes of the green open circles
roughly correspond to the flare energies; i.e. larger symbols are more energetic flares.
All of the statistically significant flares are shown; no completeness cuts were made.
When considering all of the flares, there is no obvious sign that flares are occurring
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Fig. 4.16: Continuous phased light curve map (similar to Figure 4.15). Overlaid are all of
the measured flares, denoted as green open circles in both the long-cadence (top panel) and
the short-cadence data (bottom panel). The sizes of the green open circles corresponds,
roughly, to the energies of the flares. In general, there are no obvious correlations with the
number of flares as a function of high spot coverage (bluer colors) or low spot-coverage (red-
der colors). However, at least in the top panel, the large flares appear to occur exclusively
in regions of high spot coverage (bluer colors).
preferentially in regions of low fractional flux (higher spot coverage) than in regions
of high fractional flux (regions of lower spot coverage). However, it appears that all
of the largest flares preferentially occur in regions of negative fractional flux (higher
spot filling factors). Few of the largest flares occur when the spot coverage is lowest
(the reddest regions). This result is slightly puzzling, as Hawley et al. (2014) found no
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significant correlation between the occurrence rate of flares and spots on the surface
of the dM of KOI-256 using Kepler data.
To examine this further, in the bottom panel of Figure 4.17, I plot flare energy
as a function of the fractional flux value at the base of the flare (equivalently, a
measure of the underlying spot filling factor of the dM). I show only the LC flares,
as they span a longer time baseline as well a larger span of fractional flux values
(-0.04−0.04) compared to the SC flares (-0.018−0.024). The open black squares are
the binned medians of all of the flares, whereas the open black circles are the binned
medians for the flares above the LC 90% completeness limit. In both cases, the error
bars represent the 25th and 75th quartiles of the binned flare energies. For clarity,
in the bottom panel, I also show a histogram (green) of the total number of epochs
in the long-cadence data, binned by the fractional flux values. The values for the
histograms of the total number of epochs are shown on the left y-axis.
In the top panel of Figure 4.17, I plot the histograms of the normalized number
of flares as a function of the fractional flux value of the base of the flare, binned by
energy. The flares below log EKp < 32.92 [erg] are flares that fell below my 90%
completeness limit, the following three bins were evenly spaced bins in flare energy,
and the last bin encapsulates the largest flares. The error shadows for each histogram
represent the poisson counting statistics of each bin.
First, as evidenced by the median flare energy for all of the LC flares (black
open circles) and the LC flares above the imposed 90% completeness limit (black
open squares) in the bottom panel of Figure 4.17, there is no bulk trend with flare
energy as a function of fractional flux. In the top panel, with the exception of the
largest flares, there is no correlation with flare occurrence rate as a function of the
fractional flux (due to starspot modulation). All of the flare energy bins ranging






















Fig. 4.17: Bottom panel: flare energy as a function of the flux value at the base of
the flare (i.e., the flux given by the rotational modulation of the dM), each individual
flare is plotted as an open green circle. More negative fractional flux values indicate more
spot coverage (fainter overall) while more positive fractional flux values indicate less spot
coverage (brighter overall). Only the LC flares are shown as they span a longer time
baseline as well as a larger span of fractional flux values. The green histogram plots the
total number of long-cadence epochs observed as a function flare base flux. The values for
the histograms of the total number of epochs are shown on the left y-axis. In addition,
the binned medians of the flare energies as a function of flare base flux are plotted as open
circles for all flares and open squares for the flares above the 90% completeness limit (log
EKp > 32.92 [erg]). The error bars represent the 25th and 75th quartiles of the binned flare
energies. The bottom panel shows that when averaging over all the flare energies, there is
no correlation with flare energy and the flare base flux (or the spot coverage). Top panel:
histograms of the normalized number of flares as a function of the flare base flux values
binned by flare energy. The flares below log EKp < 32.92 [erg] are flares below my 90%
completeness limit. The following three bins were evenly spaced in flare energy, and the
last bin encapsulates the largest flares. The error shadows for each histogram represent
the Poisson counting statistics of each bin. Only the largest flares showed a preference for
slightly negative fractional flux values (regions of moderate spot coverage).
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star spent most of the time (as shown by the green histogram on the bottom panel of
Figure 4.17). Interestingly, the largest flares appear to preferentially occur in regions
of moderate spot coverage (middle values of fractional flux). One possible reason that
the largest flares do not occur in the regions of highest spot coverage (i.e. ∼ -0.04) is
because this level of spot coverage was not common during the Kepler mission and
there was little time to observe large flares. Nevertheless, if this trend is real, then
it can be interpreted as the largest flares requiring large, closely spaced, regions of
star spots. The smaller flares however, require smaller regions of stellar spots or even
a single spot. Given the observed trend of near constant flare occurence with both
phase (See Figures 4.11, 4.12, 4.14) and fractional flux due to spot modulation, it is
likely that the dM has near uniform coverage of small spots in addition to a dense
region of spots (or one large spot) that gives rise to the rotational modulated flux
signals observed.
4.6.3 Comparisons with Other Flare Studies
Kepler survey data represent the ideal data set for investigating the flaring
nature of dMs. Other studies have taken advantage of Kepler’s continuous time
coverage and excellent sensitivity to study the flaring rates of other dMs in the
Kepler field (Hawley et al. 2014; Davenport et al. 2014a). I can compare my results
for the flaring properties of KOI-256 with the flaring properties from other dMs
observed by Kepler as well as flaring properties of dMs from ground-based surveys
(Hilton 2011). I make these comparisons using flare frequency distributions (FFDs).
FFDs are measures of the cumulative number of flares per day as a function of flare
energy. In other words, FFDs represent empirical determinations of how often flares
of specific energies occur. FFDs follow a power-law of the following form:
N(E)dE ∝ E−αdE. (4.3)
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Where N(E) is the number of flares of a given energy, dE is the size of the energy
bin, and α is the power-law exponent. The value of α is important in dM studies
and is of great interest in Solar studies. If the flare energy distribution has α > 2,
extending to low flare energies, it implies sufficient energy from small flares to heat
the Solar corona (Parker 1988; Hudson 1991; Hannah et al. 2011; Schrijver et al.
2012). M dwarf studies, using ground-based observations, have found flatter power-
law distributions than seen for the Sun (smaller α). Recently, using Kepler, Ramsay
et al. (2013) and Hawley et al. (2014) found active dMs show steeper power-law
distributions (α > 2).
Figure 4.18 shows FFDs for KOI-256 (WD + Active M3 dwarf) compared to
other dMs in the Kepler field from Hawley et al. (2014) and Davenport et al. (2014a)
as well as populations of dMs from Hilton (2011). The individual SC flares from KOI-
256 are shown as purple ‘+’ marks with the overlaid purple band representing the
best-fit line. The width of the purple band is the estimated combined uncertainties
from my analysis, σlogEKp ∼0.2 dex. The main contributor to the uncertainty in
log(EKp) comes from the spectrophotometric distance estimate (Lépine et al. 2013)
for the dM in KOI-256. Figure 4.18 shows FFDs from Hawley et al. (2014) for the
following dMs observed by Kepler: GJ 4099 (inactive M1) and GJ 4113 (inactive
M2) as the yellow band; GJ 4038 (inactive M3) as the blue band; GJ 1243 (active
M4) as the green band and green ‘+’; GJ 1245 AB (close binary of two active M5
dwarfs) as the purple band. For the populations of dMs from Hilton (2011), I show
the inactive M0-M2 population as the red dashed line, the inactive M3-M5 as the
blue dashed line, and the active M3-M5 population as the green dashed line.
One potential concern in comparing the FFDs among different studies is any
systematic offset based on how the flare energies were determined. As a check, I used
my procedure outlined in Section 4.5 to identify and measure the flares in the Kepler
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Fig. 4.18: The cumulative number of flares per day as a function of flare energy for KOI-
256 (purple “+”) signs compared to individual field and binary dMs from Hawley et al.
(2014) (solid colored lines) and an ensemble of dMs from Hilton (2011) (dashed colored
lines). The least-squares fit to the SC flares for KOI-256 is overlaid on the data in purple.
As a check, I used my procedure outlined in Section 4.5 to identify and measure flares of GJ
1243, an active M4 dwarf from Hawley et al. (2014). I verified that my method produces
comparable results to that of Hawley et al. (2014). My derived FFD for GJ 1243 is shown
as the green “+” marks and the FFD from Hawley et al. (2014) is the green solid band.
The two FFDs for GJ 1243 match well, which gives me confidence in comparing my results
to other studies. In this Figure, KOI-256 is shown to flare more frequently and at higher
energies than any of the other comparison stars or comparison populations.
data for GJ 1243 and compare my FFD for GJ 1243 to the one found by Hawley
et al. (2014). All of the flares I identified for GJ 1243 are shown in Figure 4.18 as the
green ‘+’ marks. The green band for GJ 1243 was taken from Figure 8 of Hawley
et al. (2014). The FFD that I derive for GJ 1243 is very similar to the FFD derived
for GJ 1243 in the Hawley et al. (2014) study. There are some minor discrepancies
between my derived FFD and the one from Hawley et al. (2014) for the largest flares.
I attribute these discrepancies to the differences in the start and stop times in the
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two studies. This check gives me confidence in my procedure and that my derived
FFD for KOI-256 is accurate and comparable to other studies.
An FFD diagram shows how often a star is flaring and at what energies. As
seen in Figure 4.18, KOI-256 flares more frequently and at higher energies than any
other dM observed by Kepler. Other noteworthy trends in Figure 4.18 are: 1) as
expected, inactive stars flare less frequently and at lower energies than active stars;
and 2) there is evidence that inactive mid-type dMs (M3+) flare less frequently and
over a narrower range of energies than inactive early-type dMs (M0-M2). This trend
is seen in GJ 4099 (M1), GJ 4113 (M2), and GJ 4083 (M3) as well as in the inactive
M0-M2 population and the inactive M3-M5 population.
Due to longer activity lifetimes in late-type dM stars (e.g., West et al. 2008),
late-type inactive dMs are likely much older than early-type inactive dMs and thus
rotate more slowly; slower rotation in late-type inactive dMs could lead to even
lower levels of magnetic activity, or flaring frequency. Alternatively, the lower flar-
ing frequency in inactive mid-type dMs (M3+), as compared to inactive early-type
dMs (M0-M2), could be explained by the different mechanisms generating magnetic
fields in late-type dMs as compared to early-type dMs. Late-type dMs (M3/4+) are
fully-convective and generating magnetic fields using a different, presently unknown,
mechanism than early-type dMs, which generate magnetic fields using a dynamo
similar to that found in the Sun.
Given my analysis, KOI-256 flares more frequently than GJ 1243 and is seen to
generate flares having higher energies than those seen in GJ 1243. The dM in KOI-256
is much fainter than GJ 1243, mKp = 15.373 compared to mKp = 12.7, respectively.
This magnitude difference explains the lack of small energy flares identified in KOI-
256, compared to those in GJ 1243. KOI-256 flaring more frequently and at higher
energies than GJ 1243 is intriguing for numerous reasons. In Chapters 2 and 3, I
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demonstrated that close WD+dMs are more likely to be active and remain active for
longer than isolated field dMs. This effect is attributed to the close WD companion
preventing the stellar spin-down of the dM, allowing the dM to rotate faster and
thus, more magnetically active. It is then not surprising that KOI-256 is more active
than GJ 1243. However, GJ 1243 is rotating faster (0.56 day rotation period) than
KOI-256 (1.37 day rotation period). Faster rotation has long been shown to lead to
higher levels of magnetic activity and thus, the finding of more frequent and higher
energy flares from KOI-256 is puzzling. I will discuss the implications of this result
in more detail in Section 4.7.
4.6.4 Evidence for Stellar Cycles
While visually inspecting the LC light curves to identify flares, it became evident
that not only was there significant spot evolution, quarter-to-quarter, but that the
number of flares also varied greatly from quarter-to-quarter. This raised the question
of whether cyclic stellar magnetic activity cycles in KOI-256 were being observed. In
Figure 4.19, I show the median amplitude in the three-period bins of the light curve
as a function of time, the values are shown on the left y-axis. The occultations of the
WD were excluded in calculating the median amplitudes. The median amplitudes
for the LC data are shown as green filled circles and as orange filled circles for the SC
data. Overplotted in the blue curve, is the fraction of the time spent flaring (flaring
epochs/total epochs; displayed on right y-axis) binned in time using a 180 day bin.
The gray vertical bands highlight the gaps in the data.
The amplitude and the fraction of time spent flaring are probing different man-
ifestations of magnetic activity in the dM. Variations in amplitude as a function of
time trace the number of spots and spot density on the surface. Large amplitudes
occur when there is a significant contrast in brightness of the stellar disk as the spots
rotate in and out of view. Whether or not this implies one large spot or a region
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Fig. 4.19: The blue curve denotes the fraction of the time spent flaring (flaring epochs/total
epochs; displayed on right y-axis) binned in time using a 180 day bin. The fraction of time
the dM spends flaring changes as a function of time, indicating the possible presence of
stellar activity cycles. The green and orange circles indicate the peak-to-peak flux amplitude
(displayed on left y-axis) averaged over two rotation periods as a function of time. In
general, the peak-to-peak amplitude is a proxy for spot coverage. The larger peak-to-
peak amplitude indicates a higher spot coverage, whereas a lower peak-to-peak amplitude
indicates less spot coverage. However, there is a degeneracy in that if the spots are relatively
well distributed across the surface of the star, the peak-to-peak amplitude will decrease
when there is 50% spot coverage. At this point, there will no longer be a strong contrast
between spotted/unspotted regions as the star rotates. The fraction of time spent flaring
reaches a maximum (blue curve) when the peak-to-peak amplitude reaches a minimum
(green and orange points). This anti-correlation is unexpected given that flares are thought
to originate from stellar spots (regions of high magnetic activity). However, this apparent
anti-correlation could be due to the dM reaching a near 50% spot coverage with evenly
distributed spots across the stellar surface.
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of many closely spaced spots remains unclear. If the dM is inactive and has very
few spots, the amplitude will be small. However, a degeneracy can occur if the dM
reaches a spot filling factor of ∼50% with evenly distributed spots (e.g., Andersen &
Korhonen 2015). At high spot filling factors, the dM is very active but the ampli-
tudes will remain small because the contrast between spotted and unspotted regions
will not change much as the dM rotates.
The fraction of time spent flaring is a measure of how much magnetic energy is
being released to heat the upper atmosphere of the dM. In the Sun, flares originate
from regions populated by Sun spots. While it is assumed the same is true for flares
on dMs, no strong correlation with flares and spots has yet been observed (except
for the largest flares, as described in Section 4.6.2).
In Figure 4.19, there is an anti-correlation between the fractional flux amplitude
and the fraction of the time spent flaring. When the amplitude is higher (larger
flux variation due rotational spot modulation), the dM spends less time flaring.
When the amplitude is lower (less flux variation due to rotational spot modulation),
the dM spends more time flaring. At first, this seems counter-intuitive; more spot
coverage (larger amplitudes) should mean more flares. As discussed earlier however,
the amplitude can decrease when there are more spots and/or are evenly distributed,
reducing flux variation due to large densities of spots rotating in and out of view.
Then, Figure 4.19 can be interpreted as the dM becoming more active during days
from ∼600-1000, as shown by the increased time spent flaring (blue band), while also
having a higher spot filling fraction, albeit with spots more evenly distributed.
As an additional test, I used a Lomb-Scargle periodogram (Lomb 1976; Scargle
1982) to identify low frequency (or long period) peaks in power. In Figure 4.20, I
show a periodogram of the LC fractional flux across all quarters. There are three
strong peaks with periods of ∼150, 450, and 750 days. The 150 and 450 day period
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are likely due to the gaps in the LC coverage denoted by the gray vertical bands
in Figure 4.19. The power at ∼750 days is approximately the same period as the
distance between the two major peaks in the cyclic variation seen in Figure 4.19.
This is strong evidence for a long (750 day), multi-year cyclic variation in spots and
flaring behavior in KOI-256.
Fig. 4.20: A Lomb-Scargle periodogram to look for high frequency (or long period) peaks
in power that could be indicative of the long-period cyclic variations seen in Figure 4.19.
There are three strong peaks at periods of ∼150, 450, and 750 days. The peaks at ∼150
and 450 days are likely not real and caused from the gaps in the LC data (spaced ∼450
days apart). However, the ∼750 day period is consistent with the two major peaks of the
cyclic variation observed in Figure 4.19.
There is evidence for cyclic variations the amplitudes in the light curve due
to varying spot filling fractions as a function of time. There is also evidence for
cyclic changes in the overall flare occurrence rate (or time the star spends flaring)
as a function of time. Figure 4.20 shows an approximate ∼750 day period for the
observed cyclic variation in flare occurrence rate.
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4.7 Discussion
I find no significant correlation between flare occurrence on the dM with the
orbital phase of the WD. I searched for correlations between the occurrence rate
of flares and WD orbital phase by separating the flares in many different ways:
by cadencing (LC vs. SC, Figure 4.11), completeness (Figure 4.12, flare energy
(Figure 4.13), and by quarter or by month (Figure 4.14). In each case, there was no
significant correlation between flares and WD orbital phase, aside from the dearth
of flares seen mainly in the LC data at a phase of ∼0.5. This dearth of flares is
attributed to bias in measuring flares near the WD occultation.
While not significant, one interesting trend that is worth noting is a slight
decrease in flares (above the 90% completeness limit) at a phase of ∼0.0. This is
interesting because a phase of 0.0 is approximately where the WD is transiting in
front of the dM. The transit signal is extremely weak (Muirhead et al. 2013) and
should not contribute to a measurement bias in flares. It is possible that the WD
could be contributing, somehow, to fewer flares reaching the observer as it transits the
dM. There are theoretical (Simon et al. 1980; van den Oord 1988) and observational
(Gunn et al. 1997) evidence for the presence of an interbinary reconnection region in
a close binary system of G dwarfs, yet little is known how plausible an interbinary
reconnection region is between a dM and a WD. Still, such a region will be obscured
from view as the WD transits the dM and if this interbinary region exists, a decrease
in flares should occur during this time. However, this tantalizing decrease in flares
while the WD is in transit is not determined to be significant and I find no conclusive
evidence for an intra-binary reconnection region being responsible for generating the
observed flares on KOI-256.
In addition, a concern in previous magnetic activity studies in close WD+dM
binaries is Hα in emission, which may be due to the surface of the dM being irradiated
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by the WD, rather than Hα emission from magnetic activity. Rebassa-Mansergas
et al. (2013a) derive an empirical relation to determine whether to expect significant
irradiation given the dM temperature, WD temperature, WD radius, and separation
of the binary. Given how cool the WD is in KOI-256, little to no Hα generating
irradiation is expected. The presence of a WD induced hot spot on the surface of the
dM would be observed as a regularly occurring flux increase with WD orbital phase.
In Figure 4.15, I find no constant flux feature with phase and, thus, conclude that
there is no WD induced hot spot on the surface of the dM.
A previous study using Kepler to study flares on dMs found no significant cor-
relation between flares and spots (Hawley et al. 2014). While conducting a spot
modeling analysis was out of the scope of this project, I used the flux variations due
to the rotational spot modulation as a proxy for spot coverage; spots are cooler than
the photosphere of the dMs and the higher flux values indicate a lower spot-facing
fraction and the lower flux values indicate a higher spot-facing fraction. I broke the
flares into different energy regimes and showed that with the exception of the largest
flares, there is no correlation among flares, spots, and flux variations of the surface
of the star.
The strongest flares, however, seem to preferentially occur where there are higher
spot-facing fractions, as indicated by the overall lower flux values. I interpreted this
result as the smaller-to-medium strength flares requiring smaller active regions or
single spots. Due to the lack of trends among flare occurrence, dM rotational phase,
and WD orbital phase, this likely points to the dM having a relatively even distribu-
tion of small spots across its surface. The stronger flares occur preferentially in the
presence of lower flux values, where there is a localized region with an over density of
spots. This overdense region leads to the stronger overall rotational modulation seen
in the light curves as well as being the region from where the largest flares originate
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(see Figures 4.16 and 4.19). Unlike previous studies, which found no correlation of
flares and spots (Hawley et al. 2014), I find that the strongest flares are more likely
to occur, and almost exclusively occur, in regions of high spot filling factor.
One of the more interesting results in this analysis comes from comparing the
flare frequency distribution (FFDs) of KOI-256 to other flaring stars from Kepler and
flare star populations from ground-based surveys. In Figure 4.18, I show that KOI-
256 is the most active flaring star among all of the Kepler dM studied to date. Given
the narrative presented in Chapters 2 and 3 of this dissertation, I expect the dM in
KOI-256 to experience higher levels of activity than isolated dMs of the same spectral
type. It is not surprising, then, that KOI-256 is more active than the inactive M0-M2
population (red dashed line in Figure 4.18; Hilton 2011) and than the inactive early-
type dMs from Kepler (yellow and blue bands in Figure 4.18; Hawley et al. 2014). It
is also not surprising that KOI-256 is flaring more frequently and at higher energies
than the active M3-M5 population (green dashed line in Figure 4.18; Hilton 2011) and
than the active M4 dwarf, GJ 1243 (green band and ‘+’ marks in Figure 4.18; Hawley
et al. 2014). In addition, KOI-256 also flares more frequently than GJ 1245AB, a
binary system of two active M5 dwarfs (purple band in Figure 4.18; Hawley et al.
2014; Lurie et al. 2015). This confirms that a close companion affects the flaring
rate and energy of an M dwarf. The binary system, GJ 1245AB is a relatively wide
binary system in comparison with KOI-256, with only 25% of its orbit occurring over
the four-year baseline coverage of the Kepler observations. Given the analysis from
Chapter 2, this binary separation regime may still experience enhanced magnetic
activity due to the close binaries truncating and shortening disk lifetimes (either a
circumstellar disk or two individual disks), thus making stellar spin-down less efficient
for both components; the stellar disk is thought to be important for shedding angular
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momentum, and thus slowing the rotation period of the star, during early stellar
evolution.
What is curious, however, is that the hypothesis that close stellar companions
enhance magnetic activity in dMs is based on the notion of some mechanism prevent-
ing stellar spindown and thereby causing the dM to rotate faster than an isolated
dM of a similar age. This would suggest that stellar rotation is the most important
factor affecting or predicting the level of magnetic activity. Older stars are less ac-
tive only because they rotate more slowly, having had more time to spin down. One
would expect, then, that KOI-256 would be rotating faster than both GJ 1243 and
GJ 1245AB, given its higher level of activity. However, GJ 1243 is rotating once per
0.5927 days, GJ 1245A one per 0.26 days, and GJ 1245B once per 0.709 days, while
KOI-256 rotates once per 1.3786 days (Muirhead et al. 2013; Hawley et al. 2014;
Lurie et al. 2015). If magnetic activity was only dependent on stellar rotation, we
would expect KOI-256 to be less active than both GJ1243 and GJ1245AB due to its
slower rotation. It is worth noting that, KOI-256 is an earlier spectral type (M3)
than GJ 1243 (M4) and GJ 1245AB (M5/M5) and that perhaps the slightly earlier
spectral type (higher mass) can account for the higher activity in KOI-256 despite
the slower rotation. KOI-256 is also seen to exhibit more energetic flares than either
GJ 1243 or GJ 1245AB. Again, this is likely due to KOI-256 being a slightly earlier
spectral type; earlier spectral type dMs have been shown in other studies to flare at
higher energies than later spectral types (Lacy et al. 1976; Hilton 2011).
4.8 Summary
I will summarize the results of this chapter by repeating the questions I posed
at the beginning of this chapter, and the answers to the questions.
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1. Is there evidence for the closely orbiting white dwarf affecting the behavior of
the M dwarf? I find no significant correlation of the M dwarf flare occurrence
rate as a function of white dwarf orbital phase. While not expected for such a
cool white dwarf companion, I also find no evidence for hot spots on the surface
of the M dwarf induced by white dwarf irradiation.
2. Is there any correlation with active regions on the M dwarf and flare occur-
rence rate? In this analysis, there is evidence that the strongest flares occur
preferentially where there are overdensities of stellar spots (regions of magnetic
activity). All other flares were found to have no preference as a function of
spot coverage. This behavior is attributed to the M dwarf having an uniform
distribution of small spots that generate the small-to-medium flares and the
strongest flares originate where there is a localized overdensity of spots (the
same overdensity leading to the overall flux variations due to rotational spot
modulation). This trend has not been seen in previous studies.
3. Does KOI-256 experience enhanced levels of activity in comparison to isolated
field dwarfs as predicted from Chapters 2 and 3? I found KOI-256 to flare more
frequently and at higher energies than the other dMs studied using previous
Kepler and ground-based surveys. While this result is predicted from my pre-
vious analyses in Chapters 2 and 3, it is slightly puzzling because KOI-256 is
rotating slower than the other active dMs from Hawley et al. (2014); Lurie et al.
(2015). It is possible that KOI-256 is more active because it is at a slightly
earlier spectral type (M3) than GJ 1243 (M4) and GJ 1245AB (M5/M5) or this
could be tantalizing evidence for the close WD companion enhancing magnetic
activity by a mechanism other than stellar rotation.
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4. Is there any evidence for stellar activity cycles in the dM over the 4-year ob-
served baseline? One unforeseen (but exciting) result of this analysis is the
identification of a possible activity cycle on the M dwarf of KOI-256. I showed
evidence for cyclic variations in the amplitudes (∆F/F) in the light curve due
to varying spot filling fractions as a function of time as well as anti-correlated
cyclic variations in the overall flare occurrence rate (or time the star spends
flaring). I found evidence for a long-period cyclic variation with a period of




The major goal of this dissertation was to constrain the effects of a close stellar
companion on the magnetic activity of M dwarfs. I used a statistically robust sample
of 1756 spectroscopic WD+dM binary pairs to quantify the enhancement of magnetic
activity of M dwarfs in close binary pairs compared to the field dM population. I
investigated the observed WD+dM magnetic activity enhancement (measured both
by Hα emission and optical stellar flares) as a function of stellar mass, height above
the Galactic plane (a statistical proxy for stellar age), and separation of the binary
pair. In addition, I used the precise time-series photometry from the Kepler space-
craft to perform a detailed study of one eclipsing WD+dM pair to investigate the
nature of the observed enhancement magnetic activity in M dwarfs with close stel-
lar companions. In this dissertation, I furthered our understanding of the magnetic
activity properties of WD+dMs and was able to place them in their proper Galactic
context.
In Section 5.1, I will summarize the conclusions from Chapters 2, 3, and 4. In
Section 5.2, I review the questions originally posed in the Section 1.4 and provide
succinct answers to the questions I posed. Finally, in Section 5.3, I discuss motivation
and direction for future research into magnetic activity in close binaries.
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5.1 Summary of Conclusions
In Chapter 2, I constructed the largest, high-fidelity spectroscopic sample of
1754 close WD+dM binary pairs and investigated various statistical properties of
magnetic activity as a function of spectral type (or mass), absolute height above
the Galactic plane (a proxy for stellar age), projected binary separation, and WD
cooling age (lower limit on the binary pair age). I found that WD+dM pairs have
enhanced activity fractions above the field population but that this enhancement
decreases towards later spectral types, where the activity fractions of WD+dMs
and field dMs are comparable. I attributed the inefficiency of the close companion
enhancing the magnetic activity of late-type M dwarfs to a change in the type of
mechanism driving magnetic fields in these fully convective stars (where rotation may
play less of a role) and/or the already long activity lifetimes (and long rotation period
threshold for activity) of late-type field dMs (e.g., West et al. 2008). In addition,
using height above the Galactic plane as a proxy for stellar population ages, I showed
that early-type WD+dMs are able to sustain their magnetic activity for longer than
field dMs, but not indefinitely. Whereas, late-type WD+dMs showed evidence of
similar activity lifetimes as the field dM population. This trend is further confirmed
in the WD cooling ages, where the active members of early-type WD+dM pairs all
tend to be young and are a distinct population compared to the inactive members
of early-type WD+dMs. In the late-type WD+dM pairs, the active and inactive
populations span a much broader range in WD cooling ages and are indistinguishable
populations. I investigated the effect of binary separation on magnetic activity and
found that magnetic activity enhancement is strongest for the closest pairs (<0.1 au)
and diminishes at the widest separations (1−100 au).
In Chapter 3, I used a sample of 181 spectroscopic WD+dM pairs from the
SDSS Stripe 82, which has time-series photometry spanning a 10-year baseline, to
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investigate how the flaring rate of WD+dMs compares to that of field stars. I showed
that at early spectral types (M0-M1), WD+dMs flare ∼220 more frequently than
field dMs and ∼15 more frequently, when only considering the active WD+dMs
compared to the active field dMs (Kowalski et al. 2009). At mid-spectral types (M2-
M3), WD+dMs flare ∼6 times more frequently than mid-spectral type field dMs, but
flare at approximately the same rate as field dMs when only considering the active
mid-type dMs. At the later spectral types (M4-M6), the WD+dMs flare only 50%
as frequently as the late-type field dMs and only 8% as frequently when considering
only the active stars. The comparison between the flaring properties of the WD+dMs
and the field M dwarf sample (Kowalski et al. 2009) agrees well with what was found
for the Hα activity properties of WD+dMs in Chapter 2. That is, the early-type
WD+dMs show enhanced activity in comparison to their field counterparts. And,
the magnitude of this enhancement decreases towards later spectral types, eventually
reaching levels similar to field dMs.
I found flaring WD+dM pairs represent a negligible contribution to the Galactic
transient background, compared to dM flares. However, I argued that WD+dM
pairs can be used as proxies for close binary systems in general (expected to make
up as much as ∼20% of the M dwarf population; Ward-Duong et al. 2015), and
provide preliminary evidence for M dwarfs with close companions dominating the
Galactic transient background. The flare rate for dMs with close companions is
(2.4 ± 0.8)×10−4 flares deg−2 hr−1 system−1 compared to the field dM study flare
rate of (2.7 ± 0.2)×10−5 flares deg−2 hr−1 system−1, after normalizing the WD+dM
flare rate by the number of WD+dMs searched in this study (181) and a similar
normalization for the field dM flare rate (50130 dMs). The more frequent flares
reported in WD+dMs (and all M dwarfs with close companions) will lead to higher
levels of XUV radiation environments for any attending exoplanets, which I argued
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should affect the true habitability of planets in these systems. However, how much
XUV radiation is needed to disrupt planetary atmospheres and/or the formation of
life is still not clear (e.g., Scalo et al. 2007; Segura et al. 2010).
Finally, in Chapter 4, I performed a case study of an eclipsing, close WD+dM
system (KOI-256) using detailed, continuous photometric observations (30-min and
1-min cadences over a four-year baseline) from the Kepler spacecraft. Using these
data, I performed a flare analysis to confirm whether the M dwarf in this system
was flaring more frequently than other field M dwarfs observed using Kepler. I also
examined whether enhanced flaring activity is due to faster-than-normal rotation, as
predicted by the analysis in Chapters 2 and 3, or whether more complicated star-
star interaction were responsible. I found no evidence that the flares on KOI-256
were correlated with WD orbital phase (or dM rotation), suggesting that there is no
obvious star-star interactions in the system leading to the observed number of flares.
The strongest flares occurred preferentially when heavily spotted areas (regions of
high magnetic activity) were facing the observer, while all other flares were found
to have no correlation with spot coverage. This result contradicts the findings of
Hawley et al. (2014), who found no correlation of spot coverage and flares.
KOI-256 was observed to flare more frequently than any other dM observed
usingKepler. Specifically, GJ 1244 (Hawley et al. 2014; Davenport et al. 2014a),
which is an M4 dwarf with a rotation period of 0.709 days, whereas KOI-256 contains
an M3 dwarf and a rotation period of 1.378 days (Muirhead et al. 2013). It is possible
that the M dwarf in KOI-256 generated more flares, despite a slower rotation period,
because of its slightly higher mass and having a radiative and convective interior. I
also found evidence for a stellar cycle in KOI-256 with a period of ∼750 days, which
are seen in both the spot coverage and time the star spends in a flare state.
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5.2 Answers to Overarching Questions
In Chapter 1, Section 1.4, I posed a series of questions to guide the work pre-
sented in this dissertation. Below, I restate those questions and provide the answers
gleaned from this dissertation.
1. Are M dwarfs with close companions more likely to be quiescently active (show-
ing Hα in emission) than field M dwarfs? Yes. I showed that dMs in WD+dM
pairs have higher fractions, and elevated levels, of magnetic activity compared
to isolated field dM stars across almost all spectral types. Enhanced magnetic
activity is largest at earlier spectral types (M0-M3) and comparable to field
dM stars at late spectral types (M6+).
2. Are M dwarfs with close companions more likely to flare than those without
close companions? Yes. M dwarfs in WD+dM pairs are more likely to flare
than are field dMs. As was seen in quiescent activity, more flares are observed
in early-type dMs with close companions than in late-type dMs with close
companions, when each subset are compared to their corresponding types in
the field dM population.
3. Are there changes in magnetic activity properties in M dwarfs with close com-
panions near the fully-convective boundary (∼M3/M4 or ∼0.33 M⊙)? In this
dissertation, close companions were shown to be correlated with magnetic ac-
tivity enhancements in M dwarfs. These enhancements were seen in both quies-
cent activity (Hα emission) as well as in flaring activity. However, the magnetic
activity enhancement due to a close companion for late-type dMs (M4+) is less
pronounced, and perhaps negligible, than it is for early-type dMs (M0-M3).
I attribute this change in behavior to the late-type dMs being fully convec-
tive leading to a possible difference in the mechanisms driving magnetic fields
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and/or the long activity lifetimes (and longer rotation period threshold; West
et al. 2008, 2015).
4. Does binary separation affect the level of activity? Yes. I showed that binary
separation is an important parameter in the degree of activity enhancement for
close binaries. I used broad, relative separation bins of <0.1 au, 0.1−1 au, and
1−100 au to denote the regimes at which tidal effects only, tidal effects and/or
disk disruption, and disk disruption result in faster-than-normal rotation, re-
spectively. I showed that the magnetic activity enhancement is greatest at all
spectral types in the closest separation bin (<0.1 au). At the widest separa-
tions (1−100 au), the activity enhancement is negligible at early spectral types
(M0-M3), but still present at late spectral types (M4+).
5. For the closest pairs, is there evidence for star-star interactions boosting mag-
netic activity in M dwarfs? In the one close WD+dM system observed in detail,
KOI-256, I found no evidence for star-star interactions between the WD and
dM. KOI-256 was shown to flare more than any other dM observed using Ke-
pler. The high frequency of flares is consistent with a relatively high stellar
rotation for a dM of that mass.
5.3 Future Work
In the following, I identify some of the key areas that are most important for
furthering our understanding of the effects of close binary on the magnetic activity
history of M dwarfs.
1. Expand the magnetic activity analysis into the latest spectral type bins (M7+):
In the future, it will be necessary to increase the sample size of WD+dM pairs
(or any confirmed pairs) with spectral types ≥M6 and extend this analysis to
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lower masses. Despite the current dearth of late-type dMs in WD+dMs sys-
tems, I have added to previous studies that find likely differences in the dynamo
mechanism across the fully convective boundary. My work suggests that close
WD+dM pairs provide some unique insight into the behavior of magnetic fields
across the fully-convective stellar mass regime and will aid in constraining the
models for generation and maintaining magnetic fields in fully convective M
dwarfs. LSST will offer nearly full sky-coverage across many filters, allowing
for the construction of large statistical samples of field dMs and WD+dM bina-
ries, which can be used to constrain magnetic activity (especially flare rates and
flare energies). Unfortunately, LSST is only planned as a photometric survey,
lacking the spectroscopic component of SDSS. LSST will require better photo-
metric methods for identifying WD+dM pairs, and potentially time-consuming
and expensive spectroscopic follow-up to confirm WD+dM pairs and to mea-
sure any of Hα emission. However, each LSST u-band exposure is expected to
observe tens of dM flares (Hilton 2011), allowing for detailed studies of dM and
WD+dM flare rates without the need for any follow-up observations.
2. Validation of faster-than-normal rotation in close pairs: This dissertation as-
sumed that faster-than-normal rotation in the WD+dM pairs drive enhanced
magnetic activity in dM stars. One method of measuring stellar rotations is
through v sin i rotation velocities, using rotational broadening of spectral fea-
tures (e.g., West & Basri 2009). However, even with high spectral resolution,
this method is only sensitive to the fastest rotating stars. In the era of time-
series photometry, a more economical method is by measuring stellar rotation
periods from the spot-induced variability using time-series photometry. With
surveys such as: Kepler, MEarth Project (Nutzman & Charbonneau 2008; Ir-
win et al. 2009, 2011b; Berta et al. 2012; West et al. 2015), Lincoln Near-Earth
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Asteroid Research (Linear; Stokes et al. 1998), Catalina Real-Time Survey
(CRTS; Drake et al. 2009), Pan-STARRS, and LSST, it is possible to build a
large statistical sample of field dM and close binary pairs with measured stellar
rotation periods. With the stellar rotation periods, we can compare the stellar
rotation period distribution of close binary pairs to the field star population
as a function of spectral type (paying close attention in M dwarfs to the fully
convective boundary at ∼M3/M4) and determine if enhanced magnetic activity
in close pairs is truly from faster-than-normal rotation.
3. Constraining the close binary fraction of dMs: There are many studies exam-
ining the binarity of dMs as a function of separation (e.g., Fischer & Marcy
1992; Janson et al. 2012, 2014; Ward-Duong et al. 2015). Unfortunately, stud-
ies that have used AO imaging are limited to >1 au projected linear physical
separations. One potential solution for probing the closest separations (<1 au)
is to conduct a high-resolution spectroscopic radial velocity survey of nearby,
bright dMs where orbital motions can be detected in spectral features.
4. Further constrain how binary separation and companion mass affect the magni-
tude of activity enhancement: The physical conditions that give rise to activity
enhancement (i.e., the prevention of stellar spin down in dM stars) across bi-
nary companion mass and system separation is not well constrained. Empirical
evidence suggests that dM activity enhancement occurs with a ∼0.6 M⊙ com-
panion as far out as 1−100 au (as seen in Chapter 2) and a > 1 MJup planet
within a separation of ∼0.03 au (e.g., Poppenhaeger & Wolk 2014). The param-
eter space of how companion mass and physical separation affect the activity
enhancement in dMs remains incomplete. It is possible to use AO imaging ca-
pabilities of 6.5 m+ telescopes to resolve bright and suspected close WD+dM
pairs (<10 AU) to robustly determine projected physical binary separations.
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For the wider pairs, it may be possible using SDSS images in ugriz (and LSST
in the near future) to separate partially resolved binaries by performing a dou-
ble gaussian fit to the two partially resolved components. For the wider pairs
(>10 AU), it will be possible to measure the separations between the dMs and
the WDs, especially given the relative flux differences between the two stellar
components in the u- and g-bands. This analysis could also be extended to
include M dwarfs with giant planets, which could further constrain the effects
of separation on magnetic activity in the star-planet regime.
189
Appendix A
In Appendix A, I show the full tables of Table 2.1, Table 2.2, Table 2.3.
Table A1 shows spectral classifications and radial velocities for all 1756 WD+dM
pairs; this table is full version of Table 2.1 from Chapter 2. In this table, I show
the SDSS object ID (denoted by RA and Dec), Plate, MJD, Fiber, dM spectral type
(M0-M9 in half spectral type gradations), WD spectral type (DA or DB), WD Teff ,
the WD log g, dM radial velocity ( km s−1), and WD radial velocity ( km s−1). The
dM (dM spectral type) and WD parameters (WD spectral type, Teff , and log g) were
calculated from the SDSS spectra using the WD+dM spectral splitting procedure
outlined in Section 2.3.1. The dM and WD radial velocities were measured using a
cross-correlation technique as described in Section 2.3.1.
Table A2 shows the WD cooling analysis parameters for 904 of the WD+dM
pairs whose spectra was high enough signal-to-noise for the WD cooling analysis
described in Section 2.3.2; this is the full version of Table 2.2 from Section 2. In
Table A2, I show the SDSS object ID, WD Teff (K), MWD (M⊙), and tcool. The
uncertainties for each WD parameter is shown in the parenthesis in each column.
Table A3 shows all additional parameters for all 1756 WD+dM pairs; this table
is the full version of Table 2.3 from Chapter 2. In Table A3, I show the SDSS ob-
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ject ID, dM radial velocity ( km s−1; see Section 2.3.3), WD radial velocity ( km s−1;
see Section 2.3.3), system radial velocity ( km s−1; see Section 2.3.3), Z or absolute
Galactic height above the plane (pc; see Section 2.3.3), d or distance (pc; see Sec-
tion 2.3.3), projected linear separation or s (au; see Section 2.3.3), period (days,
see Section 2.3.3), magnetic activity (as measured by presence of Hα emission), and
LHα/Lbol (see Section 2.3.3. For more details on how each of these parameters are
calculated, please see the referred to section.
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Table A1: WD+dM Parameters (Full): Spectral classifications and radial velocities
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1)2 (km s−1)3
SDSS J000109.42+255459.5 2822 54389 334 M2.5 DA 16000 7.0 -20 (10) 200 (200)
SDSS J000152.10+000644.7 387 51791 157 M0.0 DA 40000 7.5 0 (10) 0 (10)
SDSS J000250.65−045041.6 2630 54327 439 M4.0 DB 20000 8.5 -10 (10) -40 (30)
SDSS J000356.93−050332.7 2630 54327 173 M4.5 DA 18000 8.0 -50 (10) 70 (20)
SDSS J000421.61+004341.5 685 52203 561 M5.0 DB 16000 9.0 -20 (10) 0 (10)
SDSS J000442.00−002011.6 1539 52943 21 M0.0 DA 30000 5.0 -40 (10) -300 (10)
SDSS J000444.35+264617.8 2824 54452 74 M5.0 DA 6000 5.5 -0 (10) -100 (0)
SDSS J000447.78+291140.9 2824 54452 600 M0.5 DA 16000 8.0 -20 (10) -40 (30)
SDSS J000453.94+265420.4 2824 54452 78 M4.0 DA 10000 8.25 -30 (10) 200 (0)
SDSS J000504.92+243409.7 2822 54389 180 M4.5 DA 11000 8.25 40 (10) 30 (20)
SDSS J000531.10−054343.2 2624 54380 82 M5.0 DA 12000 7.75 -20 (10) -0 (100)
SDSS J000559.87−054416.1 2624 54380 60 M1.5 DA 30000 8.0 -10 (10) 100 (0)
SDSS J000651.91+284647.1 2824 54452 601 M3.5 DA 16000 7.75 10 (10) 30 (20)
SDSS J000711.41+283848.6 2824 54452 608 M3.5 DA 12000 8.25 -0 (10) -0 (100)
SDSS J000829.92+273340.5 2824 54452 1 M2.5 DA 13000 7.75 -50 (10) 100 (100)
SDSS J000935.50+243251.3 2822 54389 62 M2.0 DA 12000 8.0 -30 (10) 200 (100)
SDSS J001247.18+001048.7 687 52518 395 M4.0 DA 11000 6.0 40 (10) 0 (10)
SDSS J001359.40−110838.6 652 52138 203 M0.0 DA 25000 8.5 40 (10) 220 (10)
SDSS J001726.64−002451.2 687 52518 153 M4.5 DA 13000 8.25 10 (10) 90 (10)
SDSS J001733.59+004030.4 389 51795 614 M4.0 DA 16000 8.5 20 (10) 460 (10)
SDSS J001749.25−000955.4 687 52518 109 M2.5 DA 100000 8.25 -10 (10) 480 (10)
SDSS J001831.02−093139.1 653 52145 345 M0.5 DA 9000 6.0 50 (10) 180 (10)
SDSS J001853.79+005021.5 687 52518 579 M1.5 DA 20000 8.25 70 (10) 0 (10)
SDSS J001855.20+002134.5 687 52518 556 M2.5 DA 18000 6.5 60 (10) 590 (10)
SDSS J002143.78−001507.9 688 52203 237 M4.0 DA 7000 6.0 20 (10) -110 (30)
SDSS J002157.91−110331.6 1913 53321 257 M4.5 DA 10000 8.25 120 (10) 110 (10)
SDSS J002200.04+004149.5 688 52203 416 M3.5 DB 16000 9.0 -20 (10) -120 (10)
SDSS J002620.41+144409.5 753 52233 79 M4.5 DA 20000 8.0 -10 (10) 30 (10)
SDSS J002749.99−001023.4 689 52262 278 M4.0 DB 12000 7.0 10 (10) 110 (10)
SDSS J002801.68+002137.7 689 52262 424 M6.0 DA 10000 9.0 10 (10) 170 (10)
SDSS J002910.38+141310.3 417 51821 246 M3.0 DA 11000 7.0 110 (10) 0 (10)
SDSS J002921.27−002032.8 689 52262 228 M3.5 DA 10000 6.0 -20 (10) 0 (0)
SDSS J002950.16+003225.8 689 52262 473 M4.0 DA 70000 9.0 30 (10) 590 (10)
SDSS J002959.94+001132.7 1123 52882 353 M2.0 DA 25000 9.0 -50 (10) 510 (10)
SDSS J003257.12+000631.4 1086 52525 384 M4.5 DA 18000 8.25 -640 (10) 50 (10)
SDSS J003301.53+005716.9 689 52262 569 M3.5 DA 20000 9.0 30 (10) 200 (10)
SDSS J003413.23+000431.5 689 52262 596 M3.5 DB 17000 9.0 -20 (10) 680 (10)
SDSS J003602.59+070047.3 2312 53709 164 M4.5 DA 40000 7.5 10 (10) 60 (10)
SDSS J003628.07−003124.9 689 52262 22 M5.0 DA 10000 9.0 -530 (10) -10 (10)
Continued on Next Page. . .
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Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
SDSS J003650.58+134411.5 3133 54789 89 M4.0 DA 11000 9.0 -0 (10) 100 (100)
SDSS J003731.07+010947.0 690 52261 410 M5.0 DA 8000 5.0 40 (20) -200 (300)
SDSS J003804.42+083417.0 2312 53709 576 M3.0 DA 10000 7.75 40 (10) -80 (10)
SDSS J003856.80+010650.8 1123 52882 570 M4.0 DA 25000 6.0 -0 (10) 0 (10)
SDSS J003925.22+254823.7 2038 53327 380 M4.0 DA 35000 7.75 40 (10) 10 (10)
SDSS J004138.68+151104.9 419 51879 399 M0.5 DA 35000 7.5 0 (200) 100 (100)
SDSS J004228.84−005210.4 1905 53706 215 M1.5 DB 36000 9.0 10 (10) 0 (10)
SDSS J004319.26+160219.9 1896 53242 410 M2.5 DA 18000 7.75 -100 (10) 40 (10)
SDSS J004517.26+150949.1 419 51879 501 M4.0 DA 8000 5.5 40 (10) -20 (10)
SDSS J004518.17+150957.0 419 51868 511 M3.0 DA 8000 6.5 -60 (20) -60 (20)
SDSS J004740.76−000019.5 691 52199 112 M3.5 DA 20000 7.75 20 (10) 310 (10)
SDSS J004815.70+002034.2 691 52199 582 M4.5 DA 14000 7.75 10 (10) 20 (10)
SDSS J005008.21−000359.0 1130 52669 168 M4.5 DA 7000 7.0 -20 (10) 700 (10)
SDSS J005208.42−005134.6 394 51913 138 M4.0 DA 18000 8.0 -10 (10) 180 (10)
SDSS J005245.12−005337.2 394 51812 96 M4.5 DA 14000 9.0 10 (10) 470 (10)
SDSS J005312.06−003208.4 1129 52641 103 M1.5 DA 25000 8.0 10 (10) 20 (10)
SDSS J005418.54+005746.2 692 52201 455 M4.0 DA 25000 7.5 10 (10) 30 (10)
SDSS J005457.61−002517.1 394 51812 118 M5.0 DA 18000 7.5 -20 (10) 40 (10)
SDSS J005519.91+004039.0 692 52201 572 M2.5 DA 20000 8.0 -540 (10) 40 (10)
SDSS J005827.25+005642.6 1497 52886 446 M3.0 DA 30000 5.0 50 (10) -220 (10)
SDSS J010010.53+003739.2 395 51783 536 M2.5 DA 10000 6.5 40 (10) 420 (10)
SDSS J010045.94+150659.2 421 51821 463 M3.5 DA 14000 7.5 -110 (10) 10 (10)
SDSS J010338.92+142538.6 421 51821 67 M2.5 DA 6000 9.0 -10 (10) 300 (10)
SDSS J010341.60+003132.6 694 52209 341 M2.5 DA 10000 8.0 60 (10) 100 (10)
SDSS J010345.56+003746.8 1498 52914 466 M4.0 DB 12000 9.0 -200 (10) 0 (10)
SDSS J010622.99−001456.3 396 51816 68 M4.5 DA 16000 7.5 -600 (200) 50 (30)
SDSS J010734.66+011157.1 694 52209 414 M3.0 DA 10000 6.0 -60 (10) 520 (10)
SDSS J011009.10+132616.1 422 51878 53 M5.0 DA 25000 7.5 110 (10) 20 (10)
SDSS J011042.01−010839.3 1499 53001 243 M0.0 DA 50000 7.75 80 (10) 60 (10)
SDSS J011123.90+000935.2 2328 53728 594 M2.5 DA 12000 8.25 10 (10) 40 (10)
SDSS J011226.93+251149.8 2060 53706 267 M4.5 DA 10000 9.0 -40 (10) 120 (10)
SDSS J011355.84−093938.1 2864 54467 466 M4.5 DA 11000 7.75 80 (10) 0 (100)
SDSS J011446.97+132825.4 423 51821 242 M4.5 DA 14000 7.75 130 (10) -100 (10)
SDSS J011447.52+254229.6 2040 53384 232 M5.0 DA 35000 7.75 10 (10) 10 (10)
SDSS J011547.59+005350.1 695 52202 456 M4.5 DA 16000 7.5 -220 (10) 130 (10)
SDSS J011634.11+002956.6 695 52202 556 M4.5 DA 14000 8.5 -20 (10) 490 (10)
SDSS J011817.62+384249.4 2062 53381 310 M5.5 DA 30000 7.75 -40 (10) 20 (10)
SDSS J011932.38−090219.2 2864 54467 615 M2.0 DA 18000 8.0 50 (10) 500 (100)
SDSS J012053.21+382356.7 2062 53381 234 M3.5 DA 13000 8.0 0 (10) 250 (10)
SDSS J012259.53+154253.8 424 51893 404 M4.5 DA 11000 7.75 40 (10) 70 (10)
Continued on Next Page. . .
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Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
SDSS J012332.85+403906.3 2063 53359 408 M3.5 DA 11000 7.75 -10 (10) 70 (10)
SDSS J012341.92+383810.6 2063 53359 211 M2.5 DA 30000 7.5 -60 (10) 110 (10)
SDSS J012403.12−002301.1 696 52209 149 M2.5 DA 11000 7.0 90 (10) 250 (10)
SDSS J012824.67+393704.3 2062 53381 575 M3.0 DA 20000 7.5 0 (200) 0 (0)
SDSS J012839.69−004223.4 1079 52621 104 M1.5 DA 30000 5.0 -50 (10) -20 (10)
SDSS J013033.98−005648.9 697 52226 201 M5.0 DA 14000 8.0 -470 (10) 440 (10)
SDSS J013328.61+142459.6 426 51882 350 M0.5 DA 40000 7.75 -580 (10) 390 (10)
SDSS J013335.55+130357.2 425 51898 49 M2.5 DA 20000 8.25 50 (10) 0 (10)
SDSS J013418.52+010100.0 1502 53741 517 M0.5 DA 20000 8.5 -10 (10) 450 (10)
SDSS J013441.30−092212.7 662 52147 477 M2.0 DA 16000 9.0 -600 (200) 600 (200)
SDSS J013504.31−085919.1 1915 53612 464 M4.5 DA 9000 7.5 10 (10) 210 (10)
SDSS J013716.08+000311.4 698 52203 465 M1.5 DA 14000 7.5 30 (10) 380 (10)
SDSS J013750.04+003237.7 698 52203 470 M1.5 DA 18000 8.25 -20 (10) 300 (10)
SDSS J013801.05+230329.3 2064 53341 216 M6.0 DA 12000 8.0 -60 (10) 20 (10)
SDSS J013841.09+131257.6 426 51882 138 M0.0 DA 100000 7.5 40 (10) -190 (10)
SDSS J014009.01−001243.5 401 51788 238 M1.5 DA 25000 8.25 -100 (10) -20 (10)
SDSS J014143.68−093811.7 2865 54503 170 M3.5 DB 14000 9.0 -100 (0) 0 (300)
SDSS J014152.51−005241.7 401 51788 211 M3.5 DA 18000 8.0 -40 (10) 90 (10)
SDSS J014232.59−083528.5 2865 54503 525 M4.0 DA 9000 9.0 -0 (10) 0 (0)
SDSS J014246.00−094731.0 1915 53612 32 M2.0 DB 13000 9.0 -10 (10) 580 (10)
SDSS J014349.22+002130.1 699 52202 436 M2.0 DA 100000 5.0 -20 (10) 0 (10)
SDSS J015132.82−080047.8 665 52168 322 M5.0 DA 11000 8.0 40 (10) 140 (10)
SDSS J015225.39−005808.6 1504 52940 83 M6.0 DA 9000 8.0 20 (10) -0 (10)
SDSS J015256.98+002044.7 700 52199 472 M3.5 DA 18000 7.75 50 (10) 100 (10)
SDSS J015657.37−003341.6 700 52199 52 M1.0 DA 20000 8.25 -0 (0) 1000 (0)
SDSS J020157.40+004801.1 1505 52941 563 M1.0 DA 18000 7.75 -560 (10) 240 (10)
SDSS J020210.81−011525.4 1075 52933 1 M4.0 DA 16000 7.5 -1000 (0) 300 (100)
SDSS J020343.22−002527.8 702 52178 314 M6.0 DA 7000 8.5 30 (10) 380 (10)
SDSS J020351.30+004025.0 2866 54478 636 M3.5 DA 14000 8.25 30 (10) 100 (100)
SDSS J020431.66−005604.2 701 52179 60 M4.0 DB 14000 9.0 0 (10) 650 (10)
SDSS J020538.10+005835.3 404 51812 451 M2.0 DA 7000 7.0 10 (10) -130 (10)
SDSS J020611.80+132408.9 427 51900 39 M4.0 DA 16000 7.5 -40 (10) 20 (10)
SDSS J020611.97−004939.2 702 52178 246 M4.5 DA 11000 8.0 -600 (300) 0 (200)
SDSS J020659.20+214654.1 2066 53349 255 M3.0 DA 13000 8.0 40 (10) 110 (10)
SDSS J020806.39+001834.0 404 51877 598 M1.5 DA 18000 8.0 20 (10) 130 (10)
SDSS J020847.63+224814.5 2066 53349 482 M1.0 DA 50000 7.0 -650 (10) 170 (10)
SDSS J020925.75+064213.9 2321 53711 392 M3.5 DA 11000 9.0 20 (10) 610 (10)
SDSS J021058.63−090210.8 667 52163 501 M4.5 DA 18000 7.75 70 (10) 170 (10)
SDSS J021145.58+071831.1 2321 53711 460 M4.0 DA 18000 7.75 40 (10) -30 (10)
SDSS J021239.45+001856.9 703 52209 397 M5.0 DA 11000 7.5 40 (10) 170 (10)
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SDSS J021303.29+140232.9 428 51883 508 M5.0 DA 16000 7.0 -90 (10) -40 (10)
SDSS J021309.20−005025.5 703 52209 291 M4.5 DA 6000 7.5 10 (10) 660 (10)
SDSS J021411.36+011533.2 703 52209 368 M2.5 DA 11000 7.75 -10 (10) -100 (10)
SDSS J021504.74−004742.8 703 52209 209 M5.5 DA 11000 8.5 0 (0) 200 (200)
SDSS J021534.78+141846.7 428 51883 606 M4.5 DA 10000 8.5 -190 (10) 130 (10)
SDSS J021629.68+001222.4 1507 53763 589 M4.0 DB 23000 7.5 0 (10) 360 (10)
SDSS J021650.66−091916.1 668 52162 222 M3.5 DA 60000 8.0 60 (10) 680 (10)
SDSS J021726.28−003318.0 703 52209 102 M2.0 DA 11000 9.0 -10 (10) 0 (10)
SDSS J021742.45+005342.8 703 52209 531 M2.0 DA 30000 8.0 30 (10) 320 (10)
SDSS J021759.09+004517.6 703 52209 542 M4.5 DA 20000 8.0 30 (10) -50 (10)
SDSS J021827.57+004454.1 1507 53763 610 M4.5 DA 11000 9.0 -150 (10) 580 (10)
SDSS J021849.98+005739.2 703 52209 568 M3.0 DA 16000 7.75 -70 (10) 240 (10)
SDSS J021855.28+011056.5 703 52209 574 M5.0 DA 11000 8.25 -40 (10) -20 (10)
SDSS J021903.68−001733.9 703 52209 64 M3.5 DA 30000 7.75 60 (10) 420 (10)
SDSS J021940.25+003207.8 703 52209 582 M4.0 DA 100000 9.0 -60 (10) 500 (100)
SDSS J022125.36+001710.5 704 52205 386 M2.5 DA 10000 5.0 0 (100) 0 (200)
SDSS J022346.26+230151.0 3241 54884 284 M3.5 DA 18000 8.0 10 (10) 0 (0)
SDSS J022436.80+005814.3 704 52205 442 M2.0 DA 20000 8.0 -40 (10) -90 (10)
SDSS J022759.67−093604.5 2067 53738 207 M3.0 DA 13000 7.5 -40 (10) 500 (10)
SDSS J022835.93−074032.4 454 51908 534 M5.5 DA 16000 8.0 -60 (10) 20 (10)
SDSS J022954.30+001946.9 705 52200 471 M2.0 DA 20000 8.5 0 (10) 290 (10)
SDSS J023015.38+010958.8 705 52200 419 M5.0 DA 16000 8.0 30 (10) 450 (10)
SDSS J023016.26+262355.8 2399 53764 400 M4.5 DA 7000 7.75 10 (10) -50 (10)
SDSS J023113.03−004056.8 407 51820 188 M2.5 DA 12000 7.75 70 (10) 240 (10)
SDSS J023327.24+282504.2 2444 54082 354 M6.5 DA 10000 8.0 -190 (10) 110 (10)
SDSS J023438.49+244535.7 2399 53764 75 M1.5 DA 25000 8.5 10 (10) 530 (10)
SDSS J023515.12−000737.0 408 51821 270 M3.0 DA 20000 7.75 20 (10) 100 (10)
SDSS J023526.44+280026.6 2444 54082 222 M2.5 DA 10000 8.5 30 (10) 100 (10)
SDSS J023804.40−000545.7 706 52199 190 M4.0 DA 10000 9.0 240 (10) -60 (10)
SDSS J023938.04+273654.1 2444 54082 149 M4.5 DA 11000 7.0 20 (10) -50 (10)
SDSS J024310.60+004044.5 706 52199 637 M4.0 DA 9000 9.0 10 (10) 590 (10)
SDSS J024505.48+002804.5 707 52177 471 M4.0 DB 16000 8.5 30 (10) -110 (10)
SDSS J024519.11+011157.4 707 52177 409 M4.0 DA 11000 8.25 -10 (10) 220 (10)
SDSS J024642.56+004137.1 1664 52965 420 M4.0 DA 16000 8.25 140 (10) -250 (10)
SDSS J024958.71+334250.0 2398 53768 276 M3.5 DA 50000 7.5 -10 (10) -60 (10)
SDSS J025123.33−011314.4 708 52175 243 M2.0 DA 35000 8.0 -30 (10) 70 (10)
SDSS J025141.92−004130.0 1068 52614 298 M4.0 DA 8000 8.0 50 (10) 110 (10)
SDSS J025202.46−010515.7 708 52175 244 M0.5 DA 100000 8.0 20 (10) 620 (10)
SDSS J025306.37+001329.2 1068 52614 434 M1.0 DA 11000 7.75 10 (10) -30 (10)
SDSS J025347.52+335221.0 2378 53759 172 M2.0 DA 20000 8.5 0 (10) 500 (10)
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SDSS J025509.30−004414.8 410 51877 138 M2.5 DA 14000 8.0 -30 (10) 320 (10)
SDSS J025555.88+352830.2 2378 53759 538 M2.5 DB 11000 7.0 -60 (10) 20 (10)
SDSS J025610.61−073024.6 457 51901 509 M5.0 DA 16000 8.0 20 (10) 90 (10)
SDSS J025622.04−065036.2 457 51901 521 M4.0 DA 12000 8.0 20 (10) 40 (10)
SDSS J025747.80+004902.2 709 52205 334 M4.5 DA 10000 9.0 40 (10) 400 (100)
SDSS J025753.40−003159.5 709 52205 266 M5.5 DA 11000 7.5 40 (10) -10 (10)
SDSS J025814.38+063849.9 2322 53727 388 M5.5 DA 11000 8.25 0 (10) 20 (10)
SDSS J025817.87+010946.0 410 51816 575 M3.5 DA 30000 8.0 -10 (10) 10 (10)
SDSS J025853.37+004322.5 708 52175 636 M3.5 DB 18000 8.0 10 (10) 60 (10)
SDSS J025855.97−011349.7 709 52205 295 M3.0 DA 20000 8.25 -40 (10) 200 (200)
SDSS J030036.53+381127.6 2443 54082 397 M3.5 DA 7000 6.5 -40 (10) -290 (10)
SDSS J030138.24+050219.0 2307 53710 140 M4.5 DA 11000 8.25 120 (10) -40 (10)
SDSS J030247.65+372125.9 2443 54082 185 M1.0 DA 35000 7.0 -60 (10) 0 (10)
SDSS J030302.44−062829.9 458 51929 413 M3.0 DA 20000 8.25 40 (10) -30 (10)
SDSS J030308.36+005444.1 709 52205 524 M5.0 DB 11000 9.0 260 (10) 360 (10)
SDSS J030351.97+003548.4 709 52205 544 M2.5 DA 11000 7.5 -10 (10) 360 (10)
SDSS J030544.42−074941.2 3185 54829 187 M4.5 DA 11000 8.5 60 (10) 60 (20)
SDSS J030607.19−003114.4 710 52203 265 M4.5 DA 18000 7.75 0 (10) 190 (10)
SDSS J030612.02+385510.9 2443 54082 574 M3.5 DA 20000 5.0 10 (10) -120 (10)
SDSS J030716.44+384822.8 2441 54065 564 M3.0 DA 20000 7.75 90 (10) 0 (10)
SDSS J030733.08+004113.2 710 52203 412 M3.0 DA 25000 7.5 100 (10) 0 (10)
SDSS J030758.82−002629.0 710 52203 236 M6.5 DA 10000 8.5 -20 (10) 0 (10)
SDSS J030859.87−002735.8 710 52203 185 M4.0 DA 20000 8.5 -30 (10) 140 (10)
SDSS J030900.90+384835.3 2443 54082 604 M5.0 DA 12000 9.0 -20 (10) 50 (10)
SDSS J030904.82−010100.9 710 52203 214 M4.0 DA 10000 7.5 30 (10) 520 (10)
SDSS J030956.32+411049.2 2397 53763 255 M3.5 DA 9000 7.0 20 (10) 20 (10)
SDSS J031209.19+004701.6 2048 53378 611 M0.5 DA 8000 7.5 40 (10) -120 (10)
SDSS J031803.99+423034.4 2397 53763 582 M3.0 DA 9000 7.0 -40 (10) -40 (10)
SDSS J031909.94+002158.8 1065 52586 484 M4.5 DA 9000 8.25 110 (10) 60 (10)
SDSS J032030.53+044243.6 2334 53713 261 M4.0 DA 12000 7.0 0 (10) 110 (10)
SDSS J032038.72−063823.0 460 51924 432 M5.0 DA 11000 8.25 160 (10) -120 (10)
SDSS J032131.02+000617.3 711 52202 623 M4.0 DA 6000 9.0 20 (10) 320 (10)
SDSS J032136.55−001630.5 413 51929 109 M5.0 DA 30000 7.75 -10 (10) 110 (10)
SDSS J032140.00+415307.6 2417 53766 633 M3.0 DB 17000 8.5 -40 (10) 60 (10)
SDSS J032422.38−000516.1 712 52199 181 M4.0 DA 25000 7.75 50 (10) 30 (10)
SDSS J032510.84−011114.2 414 51901 273 M1.5 DA 11000 7.5 10 (10) 40 (10)
SDSS J032548.50+061559.5 2339 53729 539 M3.0 DA 16000 8.25 30 (10) 80 (10)
SDSS J032607.98+011021.2 712 52179 533 M4.5 DA 9000 7.5 40 (10) 120 (10)
SDSS J032643.23−010338.0 712 52199 56 M3.0 DA 12000 7.75 50 (10) -300 (10)
SDSS J032726.73−005745.1 712 52199 48 M4.5 DA 16000 8.25 70 (10) 0 (10)
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SDSS J032758.16−002215.5 414 51869 111 M3.0 DA 13000 7.5 30 (10) 470 (10)
SDSS J032842.92+001749.8 414 51869 558 M2.5 DA 12000 8.0 20 (10) 10 (10)
SDSS J033131.33+005149.1 2069 53376 418 M1.5 DA 8000 5.0 20 (10) -150 (10)
SDSS J033132.13−005453.4 713 52178 257 M3.5 DA 25000 8.0 60 (10) 110 (10)
SDSS J033301.51−011042.0 713 52178 123 M4.5 DA 11000 6.5 -0 (100) 300 (100)
SDSS J033436.72+005853.7 1517 52934 527 M0.0 DA 9000 6.0 -470 (10) -170 (10)
SDSS J033548.59+003832.3 415 51810 549 M4.5 DA 18000 7.75 30 (10) 10 (10)
SDSS J033649.88−061507.0 2070 53729 351 M3.5 DA 11000 6.5 90 (10) 340 (10)
SDSS J033656.13−004727.9 1063 52591 17 M4.5 DA 16000 8.0 -50 (10) 20 (10)
SDSS J033807.64−000715.3 714 52201 274 M1.5 DA 20000 7.5 -40 (10) 340 (10)
SDSS J034237.98+010858.5 714 52201 446 M3.0 DA 25000 7.5 60 (10) 320 (10)
SDSS J034514.72−061421.3 2070 53729 598 M2.5 DA 18000 8.5 -50 (10) 280 (10)
SDSS J034817.37+094545.8 2697 54389 163 M2.0 DA 20000 8.0 -500 (200) -40 (20)
SDSS J034831.09−061400.5 463 51908 474 M3.5 DA 18000 7.5 30 (10) 70 (10)
SDSS J034913.70+085810.9 2697 54389 95 M2.5 DA 20000 7.75 50 (10) 200 (200)
SDSS J035827.28−044042.4 2051 53738 522 M3.0 DA 12000 8.25 10 (10) 140 (10)
SDSS J035832.99−052830.2 2071 53741 520 M6.0 DA 9000 9.0 10 (10) 10 (10)
SDSS J035912.46−044630.2 2071 53741 524 M3.5 DA 25000 6.5 0 (10) 200 (10)
SDSS J041716.59+055522.5 2826 54389 225 M4.0 DA 10000 9.0 -50 (20) -0 (0)
SDSS J042200.52+073358.9 2826 54389 590 M4.0 DA 14000 8.0 20 (10) 100 (100)
SDSS J042437.67+063408.3 2826 54389 18 M2.0 DB 15000 9.0 0 (100) 300 (100)
SDSS J044046.92−050413.0 2942 54521 333 M6.0 DA 11000 8.5 0 (20) 0 (100)
SDSS J044218.27−044820.2 2942 54521 323 M3.0 DA 12000 7.5 -20 (10) 0 (100)
SDSS J044340.79−062131.9 2942 54521 217 M2.5 DA 18000 7.75 0 (200) 200 (100)
SDSS J044450.67−010936.0 797 52263 289 M5.5 DB 15000 7.5 -20 (10) -100 (10)
SDSS J044542.27+120246.8 2673 54096 531 M4.0 DA 12000 8.0 60 (10) 170 (10)
SDSS J044719.49−054631.0 2942 54521 118 M4.5 DA 8000 9.0 -100 (100) 700 (100)
SDSS J044724.36+002149.6 797 52263 477 M4.5 DA 20000 7.75 50 (10) 100 (10)
SDSS J044824.31−011241.8 797 52263 81 M4.5 DA 20000 7.5 -40 (10) 50 (10)
SDSS J044831.03+214909.9 2681 54397 552 M3.5 DA 20000 8.25 -140 (10) -100 (100)
SDSS J045248.17−003934.3 797 52263 65 M4.0 DA 10000 7.75 -40 (10) 70 (10)
SDSS J052624.54+621344.3 2300 53682 488 M3.5 DA 16000 7.75 20 (10) -240 (10)
SDSS J053117.54−002202.6 1244 52674 122 M5.0 DB 14000 9.0 90 (10) 710 (10)
SDSS J053135.46−002713.3 1244 52674 131 M4.0 DA 100000 9.0 20 (10) 600 (10)
SDSS J053157.68+615032.6 2302 53709 157 M3.0 DA 30000 8.5 -60 (10) 160 (10)
SDSS J053206.23−001220.6 1244 52674 82 M4.5 DB 12000 8.0 30 (10) 100 (10)
SDSS J053233.12−001148.5 1244 52674 93 M3.0 DA 35000 5.0 -20 (10) 70 (10)
SDSS J053612.87+000937.6 1245 53770 436 M3.5 DA 11000 5.0 20 (10) 540 (10)
SDSS J053653.54−000534.5 2072 53430 78 M2.5 DA 25000 8.25 -100 (10) -10 (10)
SDSS J053907.79+835331.1 2548 54152 422 M1.5 DA 20000 8.0 -670 (10) 20 (10)
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SDSS J054430.98+825608.8 2548 54152 222 M4.0 DA 30000 7.75 -40 (10) -30 (10)
SDSS J062542.90+825210.4 2548 54152 101 M2.5 DA 9000 8.25 90 (10) 180 (10)
SDSS J063139.14+822827.9 2548 54152 1 M4.0 DA 10000 9.0 -40 (10) 90 (10)
SDSS J063803.61+373309.2 2700 54417 320 M3.5 DA 18000 7.75 -0 (100) -30 (30)
SDSS J063805.22+835527.0 2548 54152 582 M7.0 DA 11000 9.0 110 (10) -80 (10)
SDSS J064212.72+381638.6 2700 54417 372 M4.0 DA 12000 8.5 110 (10) 100 (30)
SDSS J064324.93+384943.0 2700 54417 417 M4.0 DA 12000 8.25 80 (10) 70 (20)
SDSS J064715.54+275948.3 2694 54199 151 M5.5 DA 6000 5.0 -0 (0) 20 (10)
SDSS J064724.00+840724.1 2548 54152 611 M3.0 DA 18000 8.25 -110 (10) 30 (10)
SDSS J064812.76+381005.9 2682 54401 574 M1.0 DA 25000 7.75 30 (10) 100 (200)
SDSS J064941.02+290132.6 2694 54199 518 M2.0 DA 8000 5.0 20 (10) 0 (100)
SDSS J065012.35+273950.0 2694 54199 73 M2.5 DA 6000 9.0 20 (10) 0 (100)
SDSS J070322.18+664908.1 2337 53740 419 M4.0 DA 6000 9.0 -90 (10) 370 (10)
SDSS J070336.90+385142.3 2943 54502 263 M4.0 DA 6000 9.0 10 (10) 0 (100)
SDSS J070546.78+393453.4 2938 54503 422 M3.0 DB 17000 8.5 20 (10) 10 (10)
SDSS J070628.58+383650.3 2943 54502 204 M2.0 DB 32000 8.0 10 (10) 500 (100)
SDSS J071119.60+384525.2 2943 54502 60 M1.5 DA 12000 8.5 80 (10) 100 (0)
SDSS J071309.72+401249.5 2943 54502 615 M3.0 DA 16000 7.75 -10 (10) 100 (100)
SDSS J072130.60+374228.4 2946 54506 439 M4.0 DA 16000 7.75 50 (10) 100 (100)
SDSS J072156.68+364048.6 2946 54506 247 M1.0 DA 13000 8.0 -20 (10) 0 (10)
SDSS J072251.06+385944.7 2946 54506 376 M5.5 DA 6000 7.0 200 (10) 1000 (1000)
SDSS J072434.73+321609.4 2677 54180 535 M4.5 DA 13000 8.25 -10 (10) 230 (10)
SDSS J072528.10+384011.1 2946 54506 449 M4.0 DA 70000 7.5 -600 (100) 0 (0)
SDSS J072543.89+414519.3 1864 53313 488 M3.5 DA 18000 8.0 90 (10) 100 (10)
SDSS J072635.37+322554.4 2695 54409 568 M3.0 DA 18000 7.75 30 (10) 300 (100)
SDSS J072920.74+430410.2 1865 53312 137 M6.0 DA 11000 8.25 20 (10) 90 (10)
SDSS J073003.88+405450.1 2683 54153 224 M3.5 DB 10000 7.5 -170 (10) 590 (10)
SDSS J073011.39+162511.3 2728 54416 461 M4.5 DA 14000 7.75 -100 (100) 30 (30)
SDSS J073031.42+373018.4 431 51877 263 M3.0 DA 25000 8.0 10 (10) -110 (10)
SDSS J073059.83+144052.0 2713 54400 203 M4.0 DA 10000 9.0 50 (10) 100 (0)
SDSS J073248.99+401622.9 2701 54154 140 M4.0 DB 27000 7.5 -0 (10) 50 (10)
SDSS J073332.72+384600.2 431 51877 321 M1.5 DA 8000 7.75 20 (10) 670 (10)
SDSS J073445.66+155449.0 2713 54400 598 M4.0 DA 10000 9.0 -0 (10) 100 (0)
SDSS J073455.92+410537.5 2683 54153 507 M4.0 DA 20000 7.75 -110 (10) 160 (10)
SDSS J073518.66+325847.3 541 51959 347 M3.5 DA 16000 8.0 60 (10) 40 (10)
SDSS J073531.86+315015.3 541 51959 215 M7.0 DA 20000 5.0 -30 (10) 100 (10)
SDSS J073534.34+650648.9 2944 54523 287 M4.5 DA 14000 8.0 -0 (10) 0 (0)
SDSS J073700.60+384733.8 431 51877 527 M3.0 DA 30000 8.25 -610 (10) 180 (10)
SDSS J073717.69+412620.1 2683 54153 557 M2.5 DA 25000 7.75 30 (10) 170 (10)
SDSS J073732.86+225355.1 2079 53379 403 M6.0 DA 12000 7.75 30 (10) -30 (10)
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SDSS J073906.94+274353.9 888 52339 514 M4.0 DA 30000 8.0 110 (10) 130 (10)
SDSS J073942.61+171438.6 2074 53437 299 M5.0 DB 10000 7.0 -30 (10) 0 (10)
SDSS J073948.55+181814.0 2915 54497 392 M1.0 DA 35000 8.25 90 (10) 1000 (1000)
SDSS J074011.18+385909.1 433 51873 324 M7.0 DA 12000 8.0 -70 (10) -60 (10)
SDSS J074027.90+184819.9 2915 54497 384 M2.0 DA 25000 8.0 -40 (10) 300 (100)
SDSS J074147.05+220655.1 927 52577 85 M4.0 DA 20000 7.0 110 (10) 450 (10)
SDSS J074154.35+380850.1 433 51873 272 M4.5 DA 20000 7.0 20 (10) 20 (10)
SDSS J074211.87+182227.6 2915 54497 475 M4.0 DA 16000 8.25 -10 (10) 40 (20)
SDSS J074232.54+234244.4 857 52314 7 M2.0 DA 100000 8.0 -40 (10) 600 (10)
SDSS J074301.93+410655.3 432 51884 444 M4.5 DA 20000 7.75 60 (10) 0 (10)
SDSS J074329.62+283528.1 2075 53730 427 M3.5 DA 10000 8.0 120 (10) -100 (10)
SDSS J074334.27+344647.5 542 51993 178 M5.0 DA 18000 8.0 0 (10) 140 (10)
SDSS J074352.68+322547.3 755 52235 449 M5.5 DA 12000 8.0 140 (10) 40 (10)
SDSS J074425.43+353040.9 542 51993 329 M5.0 DB 13000 9.0 30 (10) 530 (10)
SDSS J074452.38+192526.1 2915 54497 442 M4.0 DA 11000 9.0 30 (20) 400 (100)
SDSS J074521.87+171520.6 2915 54497 43 M2.5 DA 6000 5.0 10 (10) -0 (100)
SDSS J074632.06+181911.7 2074 53437 558 M3.5 DA 10000 6.0 40 (10) 110 (10)
SDSS J074730.57+430403.6 434 51885 421 M4.0 DA 14000 8.5 -160 (10) 270 (10)
SDSS J074733.54+472004.0 1737 53055 327 M6.5 DA 11000 8.5 120 (10) 160 (10)
SDSS J074754.81+273655.8 2075 53737 144 M4.5 DA 16000 7.75 180 (10) 20 (10)
SDSS J074758.76+222942.4 2916 54507 267 M3.5 DA 14000 7.75 30 (10) -30 (30)
SDSS J074805.69+381805.9 433 51873 495 M7.5 DA 10000 7.75 -100 (10) 130 (10)
SDSS J074815.29+380845.9 433 51873 74 M3.5 DA 30000 8.5 40 (10) 200 (10)
SDSS J074819.94+243607.5 928 52578 284 M3.0 DA 18000 8.0 40 (10) 180 (10)
SDSS J074845.72+180240.4 2714 54208 400 M1.0 DA 25000 8.0 30 (10) 160 (10)
SDSS J074857.90+254045.4 858 52316 92 M4.5 DA 14000 7.75 -30 (10) 220 (10)
SDSS J074919.48+472058.3 1737 53055 411 M0.0 DA 50000 9.0 -470 (10) 170 (10)
SDSS J075005.57+393301.5 435 51882 241 M1.0 DA 20000 8.0 0 (10) 130 (10)
SDSS J075009.90+381641.6 433 51873 40 M5.0 DA 11000 8.5 0 (10) -20 (10)
SDSS J075051.85+085020.1 2945 54505 314 M3.0 DA 10000 7.75 50 (10) 0 (100)
SDSS J075143.03+225425.7 1204 52669 201 M4.0 DA 16000 7.75 -150 (10) 40 (10)
SDSS J075145.78+271120.8 2075 53737 5 M3.5 DA 18000 8.5 -40 (10) 240 (10)
SDSS J075153.17+653104.7 2944 54523 107 M2.0 DA 25000 9.0 40 (20) 0 (0)
SDSS J075223.15+433212.2 434 51885 566 M2.0 DA 25000 7.75 0 (10) 60 (10)
SDSS J075235.80+401339.1 435 51882 161 M3.5 DB 18000 9.0 -20 (10) 40 (10)
SDSS J075254.18+174153.5 2729 54419 173 M4.0 DA 25000 7.75 -10 (20) 100 (0)
SDSS J075314.67+190926.0 2729 54419 459 M1.5 DA 25000 8.0 -0 (10) 60 (30)
SDSS J075325.93+164132.8 1921 53317 177 M0.5 DA 25000 8.5 20 (10) 460 (10)
SDSS J075333.78+263803.5 858 52316 75 M3.5 DA 30000 7.0 30 (10) 190 (10)
SDSS J075344.05+374818.3 543 52017 506 M3.5 DB 15000 9.0 30 (10) 0 (10)
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SDSS J075356.37+233118.9 2891 54507 516 M4.0 DA 11000 9.0 -10 (10) 200 (100)
SDSS J075359.48+175445.5 2729 54419 158 M5.0 DA 11000 8.5 110 (10) -100 (200)
SDSS J075407.21+313720.8 890 52583 109 M4.5 DA 16000 8.0 40 (10) 120 (10)
SDSS J075426.30+240721.4 2916 54507 568 M4.0 DB 11000 8.0 -10 (10) 600 (300)
SDSS J075455.81+294759.5 1060 52636 515 M3.0 DA 25000 7.75 60 (10) 280 (10)
SDSS J075508.69+122601.1 2265 53674 306 M0.5 DA 35000 7.75 110 (10) 510 (10)
SDSS J075520.05+274302.3 859 52317 213 M2.5 DA 25000 7.5 -50 (10) 380 (10)
SDSS J075557.01+091135.1 2945 54505 169 M2.0 DA 10000 8.25 0 (10) 200 (200)
SDSS J075606.35+421613.0 437 51876 267 M3.0 DA 100000 5.0 -600 (300) 500 (200)
SDSS J075621.94+311439.6 1061 52641 307 M5.5 DA 20000 8.0 -90 (10) -20 (10)
SDSS J075658.47+114919.4 2265 53674 129 M4.0 DA 30000 7.5 130 (10) 30 (10)
SDSS J075721.07+323054.4 890 52583 543 M2.5 DA 20000 7.75 -80 (10) -0 (10)
SDSS J075835.12+482523.6 1779 53089 180 M0.5 DA 100000 7.75 110 (10) -620 (10)
SDSS J075842.46+170950.6 1921 53317 621 M4.0 DA 35000 7.75 80 (10) 80 (10)
SDSS J075919.42+321948.5 890 52583 631 M5.0 DA 14000 7.5 10 (10) 90 (10)
SDSS J075942.72+345600.6 757 52238 61 M6.0 DB 12000 7.0 20 (10) 90 (10)
SDSS J080011.80+114437.5 2418 53794 335 M7.0 DA 14000 7.5 -40 (10) -40 (10)
SDSS J080029.11+491112.2 1779 53089 508 M9.5 DA 9000 8.5 0 (10) -80 (10)
SDSS J080031.58+072639.3 2076 53442 335 M3.0 DA 11000 8.0 30 (10) -20 (10)
SDSS J080042.51+105121.7 2419 54139 322 M1.5 DA 25000 8.5 110 (10) 100 (10)
SDSS J080045.07+500227.7 1779 53089 565 M3.0 DA 18000 7.75 -50 (10) 100 (10)
SDSS J080144.39+221650.1 1584 52943 307 M3.0 DA 20000 7.75 -160 (10) -50 (10)
SDSS J080230.00+072858.2 2076 53442 380 M0.5 DA 20000 7.75 90 (10) 60 (10)
SDSS J080235.70+525736.4 1870 53383 556 M6.0 DA 11000 8.25 40 (10) 30 (10)
SDSS J080304.62+121810.4 2265 53674 74 M2.5 DA 14000 8.0 40 (10) 530 (10)
SDSS J080329.48+361934.5 757 52238 577 M6.5 DA 18000 7.5 0 (10) 20 (10)
SDSS J080352.30+090754.5 2570 54081 329 M2.5 DA 13000 7.75 10 (10) 30 (10)
SDSS J080414.56+413833.6 545 52202 365 M3.0 DA 25000 8.0 100 (10) 100 (10)
SDSS J080524.40+232411.7 1265 52705 117 M0.5 DA 25000 8.0 10 (10) 220 (10)
SDSS J080541.63+170624.9 2081 53357 180 M5.5 DA 18000 8.0 -600 (10) 40 (10)
SDSS J080610.00+214152.7 1584 52943 42 M5.0 DB 14000 9.0 -10 (10) 0 (10)
SDSS J080611.75+215912.6 1584 52943 53 M2.0 DA 25000 9.0 100 (10) 0 (10)
SDSS J080636.86+251912.2 1265 52705 384 M3.5 DB 19000 8.5 70 (10) 40 (10)
SDSS J080637.51+335510.2 891 52584 26 M4.0 DA 30000 7.5 20 (10) 120 (10)
SDSS J080643.42+403517.3 545 52202 515 M4.0 DA 30000 7.75 -50 (10) -60 (10)
SDSS J080653.95+160729.9 2267 53713 476 M3.0 DA 18000 7.5 -0 (10) -60 (10)
SDSS J080657.22+544546.5 1871 53384 632 M5.0 DA 18000 8.25 -20 (10) 110 (10)
SDSS J080732.87+112710.8 2418 53794 628 M0.0 DA 25000 8.0 30 (10) 110 (10)
SDSS J080736.96+072412.1 1756 53080 335 M3.5 DA 18000 7.75 90 (10) -10 (10)
SDSS J080846.60+182558.3 2081 53357 605 M2.5 DA 10000 9.0 -10 (10) 70 (10)
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SDSS J080906.86+442551.2 439 51877 163 M2.0 DA 8000 5.0 -10 (10) 10 (10)
SDSS J080939.99+125122.2 2268 53682 44 M3.5 DA 18000 8.25 -10 (10) 20 (10)
SDSS J081009.49+832816.5 2549 54523 438 M2.5 DB 38000 7.5 -40 (10) 300 (200)
SDSS J081016.89+071333.5 1756 53080 544 M0.0 DA 100000 8.5 100 (10) 620 (10)
SDSS J081114.88+473019.1 438 51884 634 M2.0 DA 80000 7.0 0 (10) 10 (10)
SDSS J081126.68+053911.9 1295 52934 168 M4.5 DA 25000 7.75 250 (10) 10 (10)
SDSS J081127.18+075236.2 2570 54081 65 M3.0 DA 16000 7.75 20 (10) 100 (10)
SDSS J081157.99+080623.4 2570 54081 77 M1.5 DA 50000 8.5 70 (10) 650 (10)
SDSS J081225.62+031914.1 1184 52641 255 M4.0 DA 25000 8.0 0 (10) 20 (10)
SDSS J081228.68+323533.1 2962 54774 506 M1.5 DA 11000 8.0 0 (200) 100 (100)
SDSS J081233.39+232250.2 1584 52943 607 M6.0 DA 16000 7.75 0 (10) 110 (10)
SDSS J081312.10+324758.7 861 52318 366 M4.5 DA 10000 7.75 60 (10) 0 (10)
SDSS J081320.01+215259.3 1924 53330 460 M2.0 DA 35000 8.0 -470 (10) 260 (10)
SDSS J081327.93+373245.6 2670 54115 275 M1.0 DA 70000 7.75 60 (10) 290 (10)
SDSS J081355.47+452623.1 439 51877 586 M2.0 DA 16000 8.0 -10 (10) 130 (10)
SDSS J081406.16+521715.4 1781 53297 202 M3.0 DA 40000 7.75 30 (10) 60 (10)
SDSS J081409.82+531921.3 1781 53297 501 M5.5 DA 20000 7.75 -150 (10) 40 (10)
SDSS J081449.79+405920.7 760 52264 336 M7.0 DA 10000 8.0 -20 (10) -120 (10)
SDSS J081502.81+411710.5 546 52205 15 M7.5 DA 11000 7.5 -590 (10) 30 (10)
SDSS J081513.68+204348.2 1924 53330 28 M4.0 DA 10000 8.5 -80 (10) 300 (10)
SDSS J081523.77+832651.3 2549 54523 436 M1.5 DA 30000 7.75 -20 (10) 400 (100)
SDSS J081524.05+094855.5 2421 54153 114 M4.5 DA 6000 5.0 -10 (10) 580 (10)
SDSS J081553.11−064709.1 2827 54422 607 M1.5 DA 12000 7.75 40 (10) 100 (20)
SDSS J081557.49+210657.2 1924 53330 40 M4.5 DA 20000 7.5 -500 (10) 50 (10)
SDSS J081600.20+431339.2 546 52205 566 M3.5 DA 20000 8.25 -600 (10) 300 (10)
SDSS J081648.72+262354.2 1266 52709 444 M7.0 DA 14000 7.5 170 (10) 20 (10)
SDSS J081654.36+354230.6 826 52295 397 M3.5 DA 25000 7.75 0 (10) 100 (10)
SDSS J081701.87−000313.3 2077 53846 512 M3.5 DA 18000 8.25 -50 (10) 310 (10)
SDSS J081716.98+054223.7 1296 52962 281 M4.5 DA 9000 9.0 60 (10) -100 (10)
SDSS J081732.74+265729.9 1266 52709 427 M5.5 DA 18000 8.0 -20 (10) -10 (10)
SDSS J081811.71+173224.5 2269 53711 622 M4.0 DA 16000 7.5 10 (10) 490 (10)
SDSS J081831.08−010923.2 2077 53846 42 M4.0 DA 13000 9.0 90 (10) 0 (10)
SDSS J081840.76+204748.0 1925 53327 582 M3.5 DA 35000 7.75 110 (10) -20 (10)
SDSS J081936.75+352916.5 826 52295 156 M3.0 DA 14000 7.5 -70 (10) 300 (10)
SDSS J081942.67+542608.2 1782 53299 238 M4.0 DA 18000 7.75 -50 (10) -90 (10)
SDSS J081959.21+060424.2 1296 52738 196 M4.0 DA 16000 7.5 90 (10) 220 (10)
SDSS J082011.22+584235.2 1873 54437 469 M4.5 DA 16000 8.0 -150 (10) 60 (20)
SDSS J082022.02+431411.1 547 52207 59 M5.5 DA 16000 7.75 -90 (10) 90 (10)
SDSS J082031.31+252558.8 1585 52962 445 M5.5 DA 20000 7.75 20 (10) 200 (10)
SDSS J082144.37+301806.1 3188 54831 64 M4.0 DA 12000 8.0 110 (20) 100 (0)
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SDSS J082213.93+121437.5 2422 54096 132 M3.0 DA 20000 7.75 40 (10) 30 (10)
SDSS J082242.77+460015.8 548 51986 383 M1.5 DB 11000 7.0 20 (10) 520 (10)
SDSS J082317.66+130656.3 2422 54096 516 M3.5 DA 10000 8.0 -20 (10) 0 (10)
SDSS J082429.02+172345.5 2271 53726 110 M3.0 DA 12000 8.25 0 (10) 110 (10)
SDSS J082455.62+272242.6 1267 52932 193 M4.5 DA 25000 8.25 -30 (10) 230 (10)
SDSS J082503.32+271003.1 1267 52932 58 M4.0 DB 40000 8.0 80 (10) 110 (10)
SDSS J082526.46−010929.2 1154 53083 123 M4.5 DA 10000 8.0 140 (10) 30 (10)
SDSS J082533.82+161048.4 2274 53726 469 M2.0 DA 20000 8.25 30 (10) 450 (10)
SDSS J082554.95+340446.6 862 52325 567 M3.5 DB 40000 8.5 60 (10) 110 (10)
SDSS J082558.78+034520.9 1185 52642 108 M3.5 DA 25000 8.0 0 (10) 210 (10)
SDSS J082601.74+094556.2 2572 54056 372 M4.5 DA 25000 8.0 20 (10) 70 (10)
SDSS J082609.73+194126.3 2083 53359 100 M5.5 DA 11000 7.75 -100 (10) 200 (10)
SDSS J082619.55+333042.7 862 52325 592 M6.0 DA 9000 9.0 0 (10) 180 (10)
SDSS J082808.59+185127.3 2273 53709 542 M1.0 DA 16000 8.0 30 (10) 240 (10)
SDSS J082823.58+210036.0 1927 53321 21 M1.0 DA 25000 6.5 -40 (10) 250 (10)
SDSS J082828.18+471737.9 549 51981 338 M4.0 DA 25000 8.0 -40 (10) 140 (10)
SDSS J082835.00+241547.6 2330 53738 191 M2.5 DA 25000 8.0 -20 (10) 50 (10)
SDSS J082845.07+133551.0 3195 54832 227 M2.5 DA 18000 8.0 -40 (10) 400 (100)
SDSS J082903.54+231651.0 1928 53327 220 M3.5 DB 13000 9.0 20 (10) 0 (10)
SDSS J082909.17+135813.2 2425 54139 468 M3.5 DA 16000 8.0 -150 (10) -10 (10)
SDSS J082918.99+270134.7 1586 52945 426 M3.0 DA 20000 7.5 150 (10) 100 (10)
SDSS J082946.68+130523.6 2425 54139 140 M2.0 DB 30000 7.5 -60 (10) 320 (10)
SDSS J082959.68+265657.5 1586 52945 518 M3.0 DA 6000 5.5 -10 (10) 560 (10)
SDSS J083001.53+054932.8 1297 52963 252 M2.5 DA 16000 8.25 110 (10) 390 (10)
SDSS J083025.48−053638.8 2828 54438 203 M4.0 DA 16000 8.25 30 (10) 0 (100)
SDSS J083038.80+470247.0 3174 54821 36 M0.5 DA 70000 7.75 40 (10) 300 (100)
SDSS J083043.50+221312.0 1929 53349 222 M2.0 DA 25000 8.5 -0 (10) -70 (10)
SDSS J083056.12+315941.9 932 52620 75 M3.0 DA 30000 7.75 90 (10) -130 (10)
SDSS J083102.02+285741.9 1268 52933 273 M4.5 DA 18000 7.75 100 (10) 30 (10)
SDSS J083115.77+185024.8 2275 53709 193 M5.0 DA 20000 7.75 230 (10) 160 (10)
SDSS J083143.02+120936.0 2424 54448 571 M1.0 DA 30000 8.0 -10 (10) 200 (100)
SDSS J083233.10+611120.4 1874 54452 379 M4.0 DA 25000 8.0 100 (20) -20 (10)
SDSS J083253.66+233121.2 2330 53738 49 M2.0 DA 60000 8.25 100 (10) 50 (10)
SDSS J083255.20−043046.3 2807 54433 153 M4.0 DA 20000 7.75 90 (10) 120 (30)
SDSS J083256.78+230347.2 1928 53327 41 M5.0 DB 11000 9.0 30 (10) 0 (10)
SDSS J083311.88+173456.9 2276 53712 406 M3.0 DA 16000 7.75 30 (10) 60 (10)
SDSS J083328.42+110657.9 2426 53795 309 M3.0 DA 20000 8.0 0 (10) 160 (10)
SDSS J083348.00+531632.1 2331 53742 258 M2.5 DA 10000 7.5 50 (10) -60 (10)
SDSS J083351.77+533006.1 444 51883 533 M5.5 DA 11000 8.0 -40 (10) -60 (10)
SDSS J083354.85+070240.2 1297 52963 511 M4.0 DA 12000 7.75 140 (10) 20 (10)
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SDSS J083357.03+052901.2 1297 52963 83 M6.0 DA 12000 7.75 30 (10) 330 (10)
SDSS J083402.89+300144.4 1268 52933 365 M3.5 DA 20000 8.25 -530 (10) 220 (10)
SDSS J083410.38+135355.8 2427 53815 293 M4.5 DA 12000 8.0 20 (10) 40 (10)
SDSS J083420.71+091709.7 2572 54056 42 M7.0 DA 11000 8.0 -60 (10) 70 (10)
SDSS J083437.92+443349.3 762 52232 375 M3.0 DA 25000 5.0 30 (10) -40 (10)
SDSS J083449.33+530317.6 2331 53742 201 M2.5 DA 16000 7.5 50 (10) -170 (10)
SDSS J083552.05+143031.7 3189 54833 276 M1.0 DB 10000 8.0 -20 (10) 800 (300)
SDSS J083618.61+432651.6 762 52232 44 M2.0 DA 25000 7.5 -60 (10) 70 (10)
SDSS J083621.87+044624.3 1187 52708 283 M7.0 DA 20000 9.0 0 (10) 630 (10)
SDSS J083630.34−041019.0 2828 54438 597 M3.5 DA 11000 7.75 30 (10) 100 (100)
SDSS J083711.50+093828.9 2573 54061 300 M4.0 DA 9000 7.75 -0 (10) 30 (10)
SDSS J083722.44+265417.4 1587 52964 120 M4.5 DA 18000 8.5 120 (10) -30 (10)
SDSS J083746.91+550255.7 2331 53742 404 M4.5 DA 13000 8.0 20 (10) 10 (10)
SDSS J083808.00+530254.4 444 51883 582 M2.0 DA 35000 8.5 120 (10) 270 (10)
SDSS J083824.43+101608.7 2573 54061 227 M4.0 DA 18000 8.0 30 (10) 120 (10)
SDSS J083827.10+415015.5 895 52581 538 M0.5 DA 40000 8.5 40 (10) 0 (10)
SDSS J083833.17+140332.1 2427 53800 124 M2.5 DA 70000 8.25 30 (10) -170 (10)
SDSS J083845.87+191416.5 2277 53705 194 M4.5 DA 16000 7.75 -230 (10) 10 (10)
SDSS J083953.76+142745.9 2427 53815 120 M3.0 DA 25000 7.5 -40 (10) 40 (10)
SDSS J084005.52+175241.5 2278 53711 413 M3.5 DA 20000 7.75 10 (10) 100 (10)
SDSS J084009.24+281202.0 1588 52965 292 M2.5 DA 80000 9.0 30 (10) 520 (10)
SDSS J084018.25+265603.1 1587 52964 22 M4.5 DA 30000 8.0 40 (10) 140 (10)
SDSS J084019.49+152833.8 2429 53799 333 M4.5 DA 30000 8.25 20 (10) 320 (10)
SDSS J084056.91+275513.7 1587 52964 562 M3.5 DA 13000 8.25 20 (10) 440 (10)
SDSS J084105.88+453943.6 763 52235 222 M5.0 DA 20000 7.5 40 (10) 60 (10)
SDSS J084119.49+160133.1 2278 53711 123 M2.5 DA 16000 8.5 40 (10) 430 (10)
SDSS J084221.36+544834.6 2331 53742 562 M4.5 DA 10000 7.5 30 (10) -30 (10)
SDSS J084225.20+174453.9 2278 53711 589 M5.0 DA 16000 5.5 40 (10) 140 (10)
SDSS J084229.67+525417.8 2331 53742 6 M3.5 DA 50000 8.5 20 (10) 130 (10)
SDSS J084307.27+122610.1 2426 53795 604 M6.0 DA 10000 8.25 60 (10) 160 (10)
SDSS J084344.93+262000.7 3148 54802 602 M3.5 DA 20000 5.0 10 (10) 120 (30)
SDSS J084400.82+052305.7 1187 52708 73 M4.5 DA 11000 8.5 -110 (10) 600 (10)
SDSS J084405.94+094122.4 1760 53086 355 M3.5 DA 12000 7.5 130 (10) 240 (10)
SDSS J084514.23+540311.6 2316 53757 596 M2.0 DA 16000 8.25 30 (10) 110 (10)
SDSS J084518.67+055911.8 2317 54152 318 M2.0 DA 11000 8.25 -20 (10) 20 (10)
SDSS J084535.15+234806.0 1931 53358 108 M2.0 DA 40000 9.0 90 (10) 250 (10)
SDSS J084537.38+372151.2 864 52320 617 M7.0 DA 11000 8.5 -30 (10) 20 (10)
SDSS J084637.20+263618.1 1932 53350 240 M4.0 DA 25000 7.75 30 (10) -60 (10)
SDSS J084730.63+111127.0 2671 54141 391 M5.0 DA 10000 8.0 90 (10) 20 (10)
SDSS J084751.61+283113.6 1588 52965 95 M4.5 DA 18000 8.0 -540 (10) 20 (10)
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SDSS J084827.13+271542.4 1932 53350 471 M0.5 DA 100000 7.0 80 (10) 630 (10)
SDSS J084833.60+005840.0 467 51901 176 M4.0 DA 11000 9.0 10 (10) 30 (10)
SDSS J084846.18+192758.9 2280 53680 87 M2.5 DA 14000 8.0 -30 (10) 120 (10)
SDSS J084852.37+050135.6 2332 54149 210 M3.5 DA 16000 7.5 30 (10) 160 (10)
SDSS J084854.02+072533.6 1298 52964 593 M4.0 DB 10000 7.5 20 (10) 0 (10)
SDSS J084854.43+823437.2 2541 54481 60 M3.5 DA 30000 7.0 60 (10) 1000 (1000)
SDSS J084909.67+435045.1 896 52592 579 M3.5 DA 16000 7.75 -600 (100) 30 (20)
SDSS J084940.56+065507.2 2332 54149 453 M2.5 DA 18000 8.0 -40 (10) 150 (10)
SDSS J085048.86+601523.7 1785 54439 409 M6.5 DA 8000 8.0 -90 (20) -30 (10)
SDSS J085103.51+050210.8 1189 52668 209 M2.5 DB 27000 8.5 70 (10) 0 (10)
SDSS J085107.30+033046.0 565 52225 326 M7.5 DA 20000 7.5 -90 (10) 40 (10)
SDSS J085110.26+024731.9 2913 54526 310 M3.5 DB 15000 9.0 20 (10) 0 (0)
SDSS J085115.23+453028.0 763 52235 32 M1.0 DA 25000 8.5 -40 (10) 300 (10)
SDSS J085131.43+003338.7 467 51901 37 M5.5 DA 8000 6.5 40 (10) -80 (10)
SDSS J085142.17+182653.3 2279 53708 581 M0.0 DA 50000 7.75 50 (10) -80 (10)
SDSS J085202.07+115400.2 2667 54142 535 M2.0 DA 11000 8.0 0 (10) 50 (10)
SDSS J085208.85+064155.4 1189 52668 371 M3.5 DA 20000 7.5 100 (10) -20 (10)
SDSS J085218.18+173712.7 2281 53711 224 M5.0 DA 11000 8.0 -100 (10) -20 (10)
SDSS J085223.76+071326.1 2332 54149 579 M4.5 DA 10000 7.5 50 (10) 200 (10)
SDSS J085224.03+111520.9 2671 54141 508 M4.5 DA 16000 7.75 50 (10) 190 (10)
SDSS J085224.44+143308.2 2431 53818 220 M3.5 DA 10000 7.5 10 (10) 200 (10)
SDSS J085253.23+272620.9 1932 53350 584 M4.0 DA 14000 8.0 -80 (10) 240 (10)
SDSS J085255.71+020025.6 2913 54526 257 M3.0 DA 16000 7.75 90 (30) 20 (30)
SDSS J085336.04+072033.5 2332 54149 569 M4.5 DA 7000 9.0 130 (10) 0 (10)
SDSS J085426.25+374653.0 2400 53765 333 M2.5 DA 18000 8.0 20 (10) 50 (10)
SDSS J085509.50+133947.0 2433 53820 411 M6.0 DA 10000 8.25 -180 (10) 120 (10)
SDSS J085542.50+044717.8 1190 52670 512 M6.5 DA 10000 9.0 -10 (10) 40 (10)
SDSS J085548.16+022341.7 2913 54526 133 M5.0 DB 14000 9.0 -10 (10) 0 (0)
SDSS J085555.58+190004.6 2281 53711 597 M5.0 DA 20000 7.5 70 (10) 240 (10)
SDSS J085557.46+053524.5 1189 52668 9 M4.0 DA 12000 7.5 -30 (10) 210 (10)
SDSS J085558.38+832841.5 2541 54481 558 M1.5 DA 20000 8.5 -20 (10) 200 (300)
SDSS J085611.94+365850.5 2400 53765 184 M3.5 DB 15000 8.5 -30 (10) -80 (10)
SDSS J085612.42+143756.9 2431 53818 8 M3.5 DA 13000 8.0 -80 (10) 110 (10)
SDSS J085616.67+064632.2 1189 52668 611 M4.5 DA 10000 6.0 40 (10) 110 (10)
SDSS J085631.58+030554.7 2913 54526 151 M5.0 DA 20000 7.75 -10 (10) 50 (20)
SDSS J085634.83+373913.5 2400 53765 492 M4.5 DA 10000 8.25 -80 (10) 160 (10)
SDSS J085650.61+020051.9 2913 54526 84 M4.5 DA 30000 8.25 100 (0) 300 (100)
SDSS J085730.59+631845.2 3284 54907 417 M3.0 DA 14000 7.75 -40 (10) -0 (100)
SDSS J085741.44+153906.0 2431 53818 599 M2.0 DA 25000 7.5 -100 (10) 200 (10)
SDSS J085812.40+323637.8 1271 52974 541 M5.0 DA 16000 8.0 -80 (10) 60 (10)
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SDSS J085835.56+281356.3 1934 53357 183 M5.5 DB 11000 7.5 -380 (10) 590 (10)
SDSS J085844.00+195152.1 2283 53729 452 M2.5 DA 14000 7.5 70 (10) 80 (10)
SDSS J085847.48+371115.6 935 52643 595 M1.5 DA 70000 7.75 -640 (10) 140 (10)
SDSS J085857.43+320809.5 1271 52974 118 M4.5 DB 12000 9.0 30 (10) 720 (10)
SDSS J085911.28+043507.2 1190 52670 640 M3.5 DA 18000 8.25 -60 (10) 170 (10)
SDSS J085923.50+035733.1 2913 54526 608 M2.5 DA 100000 8.5 30 (20) 300 (100)
SDSS J085931.07+580905.5 483 51942 516 M6.0 DA 20000 8.25 -10 (10) 70 (10)
SDSS J085937.42+125203.6 2433 53820 66 M0.5 DB 40000 8.5 -10 (10) 110 (10)
SDSS J085949.69+241858.5 2086 53401 276 M6.5 DA 14000 7.75 -100 (10) 140 (10)
SDSS J085956.47+082607.5 1300 52973 307 M7.5 DA 14000 7.5 -500 (300) -0 (0)
SDSS J090039.62+160131.4 2432 54052 155 M4.0 DA 50000 8.0 50 (10) 160 (10)
SDSS J090103.13+244718.9 2086 53401 400 M2.5 DA 30000 7.5 30 (10) 130 (10)
SDSS J090204.62+260814.3 1935 53387 286 M6.0 DA 20000 8.0 -600 (10) 170 (10)
SDSS J090212.72+373757.4 2380 53759 581 M2.5 DA 11000 7.75 60 (10) 140 (10)
SDSS J090409.06+422702.3 831 52294 162 M3.0 DA 25000 7.75 -70 (10) 220 (10)
SDSS J090426.55+282456.9 1934 53357 588 M5.5 DA 18000 7.75 -10 (10) 40 (10)
SDSS J090437.32+225438.8 2284 53708 559 M4.5 DA 20000 7.75 10 (10) 40 (10)
SDSS J090439.85+562141.9 483 51924 35 M6.5 DA 9000 8.25 -60 (10) 10 (10)
SDSS J090449.80+093143.1 1738 53051 31 M7.0 DA 11000 9.0 -140 (10) 80 (10)
SDSS J090455.46+184741.9 2285 53700 166 M5.0 DA 20000 8.0 -40 (10) 40 (10)
SDSS J090505.40+054811.8 1191 52674 55 M4.5 DA 25000 7.75 40 (10) 190 (10)
SDSS J090602.98+275925.2 1934 53357 22 M5.0 DA 7000 8.5 30 (10) 500 (10)
SDSS J090641.19+120313.1 2576 54086 423 M4.5 DA 10000 8.0 -50 (10) 210 (10)
SDSS J090812.04+060421.3 1191 52674 24 M4.5 DA 16000 7.5 130 (10) -110 (10)
SDSS J090847.38+613141.4 3284 54907 20 M5.5 DA 11000 8.25 10 (20) 200 (100)
SDSS J090903.57+370207.0 1212 52703 454 M4.0 DA 10000 9.0 20 (10) 170 (10)
SDSS J090925.42+533700.7 553 51999 397 M4.0 DA 20000 8.0 40 (10) 90 (10)
SDSS J091031.73+184731.1 2286 53700 205 M4.5 DA 14000 7.5 -550 (10) 180 (10)
SDSS J091040.53+014548.2 471 51924 558 M0.5 DA 10000 8.5 30 (10) 50 (10)
SDSS J091132.23+303605.3 2401 53768 341 M3.5 DA 12000 8.25 90 (10) 60 (10)
SDSS J091143.10+222748.8 2287 53705 180 M3.0 DA 20000 7.75 10 (10) -250 (10)
SDSS J091211.01+442057.9 832 52312 185 M0.5 DB 40000 9.0 30 (10) 550 (10)
SDSS J091216.38+234442.6 2287 53705 535 M2.5 DA 30000 8.0 -80 (10) 290 (10)
SDSS J091304.44+011418.7 472 51955 419 M2.0 DA 25000 7.75 20 (10) 60 (10)
SDSS J091309.70+223346.8 2287 53705 157 M2.0 DA 25000 8.0 -40 (10) 260 (10)
SDSS J091333.06+124429.7 2576 54086 608 M3.0 DA 11000 7.0 20 (10) -20 (10)
SDSS J091411.55+231449.8 2287 53705 593 M4.5 DA 25000 8.5 20 (10) 530 (10)
SDSS J091442.45+590706.7 484 51907 579 M0.5 DA 35000 5.0 10 (10) 0 (10)
SDSS J091508.22+415559.5 1201 52674 239 M3.0 DA 40000 7.75 -20 (10) 30 (10)
SDSS J091513.42+313713.1 1591 52976 620 M3.0 DA 16000 8.0 30 (10) 130 (10)
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SDSS J091540.28+102112.1 1739 53050 597 M2.0 DA 25000 7.0 110 (10) 380 (10)
SDSS J091547.85+143800.3 2438 54056 164 M1.0 DA 30000 9.0 30 (10) 300 (300)
SDSS J091553.25+451129.2 832 52312 538 M5.0 DA 20000 7.75 -30 (10) 40 (10)
SDSS J091601.48−003129.8 472 51955 95 M4.5 DA 18000 8.25 -20 (10) 60 (10)
SDSS J091621.83+052119.2 1193 52652 39 M2.0 DA 100000 5.0 20 (10) 350 (10)
SDSS J091625.51+441557.2 832 52312 146 M4.5 DA 18000 8.0 -50 (10) 20 (10)
SDSS J091651.32+403629.8 938 52708 428 M5.0 DA 10000 8.25 0 (10) -90 (10)
SDSS J091712.17+215426.0 2288 53699 524 M5.0 DA 11000 7.0 -90 (10) 100 (10)
SDSS J091729.70+214333.8 2319 53763 185 M6.0 DA 20000 7.75 -40 (10) 50 (10)
SDSS J091809.58+175216.2 2439 53795 500 M6.5 DA 12000 7.75 -40 (10) 40 (10)
SDSS J091844.47+313743.5 2401 53768 524 M1.0 DB 34000 8.0 40 (10) 70 (10)
SDSS J091845.33+604931.9 485 51909 331 M0.5 DA 12000 7.0 0 (10) 650 (10)
SDSS J091849.56+545601.8 554 52000 346 M0.5 DA 35000 7.5 30 (10) -50 (10)
SDSS J091856.12+411317.9 938 52708 413 M6.5 DA 12000 8.25 -40 (10) 130 (10)
SDSS J091916.07+294420.3 1938 53379 211 M2.5 DA 35000 7.5 40 (10) 140 (10)
SDSS J091927.45+085133.3 1301 52976 587 M3.5 DA 30000 7.75 -10 (10) -10 (10)
SDSS J092017.96−001246.4 474 52000 316 M5.5 DA 20000 8.5 0 (300) -0 (200)
SDSS J092030.33+301831.2 2401 53768 142 M2.5 DA 25000 9.0 -40 (10) 0 (10)
SDSS J092048.04+105734.5 1740 53050 433 M4.0 DA 100000 9.0 40 (10) 200 (10)
SDSS J092100.49+043216.6 991 52707 209 M3.5 DA 20000 8.0 -10 (10) 250 (10)
SDSS J092104.12+425044.6 1201 52674 539 M7.0 DA 13000 7.5 50 (10) 10 (10)
SDSS J092137.90+161338.5 2440 53818 444 M4.5 DA 11000 8.25 60 (10) -40 (10)
SDSS J092200.71+181714.1 2360 53728 320 M4.0 DA 10000 8.25 20 (10) 50 (10)
SDSS J092203.36+394002.1 938 52708 109 M3.0 DA 18000 8.0 30 (10) 100 (10)
SDSS J092215.72+303954.5 2381 53762 590 M3.5 DB 14000 9.0 10 (10) 290 (10)
SDSS J092257.55+290416.0 1939 53389 315 M3.0 DA 25000 7.5 -90 (10) 200 (10)
SDSS J092313.99+205119.9 2290 53727 52 M4.0 DA 10000 6.0 0 (10) -10 (10)
SDSS J092355.80+213051.8 2290 53727 51 M3.5 DB 13000 8.5 40 (10) 640 (10)
SDSS J092406.27+012411.5 473 51929 23 M2.0 DA 40000 7.0 70 (10) -160 (10)
SDSS J092420.72+124031.3 2577 54086 624 M3.0 DA 10000 9.0 70 (10) 110 (10)
SDSS J092429.07+010448.3 474 52000 442 M3.0 DA 40000 7.5 80 (10) -110 (10)
SDSS J092433.99+204020.1 2289 53708 231 M4.5 DA 10000 8.5 10 (10) 70 (10)
SDSS J092451.63−001736.5 474 52000 175 M3.5 DA 11000 9.0 20 (10) 40 (10)
SDSS J092452.40+002449.0 474 52000 448 M4.5 DA 25000 7.75 -90 (10) 60 (10)
SDSS J092509.36+064504.1 2402 54176 182 M3.5 DA 100000 8.25 50 (10) 590 (10)
SDSS J092712.03+284629.3 1939 53389 121 M4.0 DA 25000 7.5 210 (10) -40 (10)
SDSS J092737.67+255423.0 2294 54524 353 M5.5 DB 13000 9.0 40 (10) 600 (200)
SDSS J092741.73+332959.2 1593 52991 199 M3.5 DA 25000 7.75 80 (10) -30 (10)
SDSS J092835.30+382452.0 1214 52731 157 M3.0 DA 20000 7.75 100 (10) 60 (10)
SDSS J092930.52+284649.8 1939 53389 100 M4.5 DA 10000 8.5 30 (10) 10 (10)
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SDSS J093011.64+095319.6 3319 54915 493 M4.0 DA 10000 8.5 50 (10) 70 (10)
SDSS J093045.92+225957.3 2293 53730 173 M2.5 DA 30000 7.5 -30 (10) 40 (10)
SDSS J093118.38+091240.7 1303 53050 197 M3.0 DA 25000 7.75 30 (10) 70 (10)
SDSS J093124.37+374527.5 1214 52731 38 M1.0 DA 30000 8.0 30 (10) 0 (10)
SDSS J093128.91+394120.0 1214 52731 587 M4.5 DA 18000 7.75 40 (10) 20 (10)
SDSS J093155.67+394607.8 1214 52731 585 M3.5 DA 25000 8.0 0 (10) 80 (10)
SDSS J093211.04+132903.3 2580 54092 304 M4.0 DA 35000 7.75 90 (10) 40 (10)
SDSS J093214.58+345235.5 1593 52991 570 M1.0 DA 30000 8.0 40 (10) 140 (10)
SDSS J093236.84+053026.7 992 52644 175 M0.5 DA 35000 7.0 -10 (10) 180 (10)
SDSS J093246.60+201916.3 2361 53762 339 M6.0 DA 9000 7.75 30 (10) -10 (10)
SDSS J093311.91+092642.3 1303 53050 516 M5.5 DA 11000 8.0 70 (10) 90 (10)
SDSS J093349.93+151718.6 2579 54068 544 M2.0 DA 20000 8.0 -0 (10) 240 (10)
SDSS J093420.06+051209.3 992 52644 107 M1.0 DA 60000 7.5 20 (10) 200 (10)
SDSS J093426.61+053753.7 992 52644 559 M4.0 DA 30000 8.25 -30 (10) 720 (10)
SDSS J093427.91+204658.7 2361 53762 324 M8.0 DA 7000 8.25 -610 (10) 440 (10)
SDSS J093432.49+031348.8 569 52264 193 M3.0 DA 60000 7.75 200 (10) 80 (10)
SDSS J093441.29+305026.0 2914 54533 413 M4.5 DA 16000 8.0 -10 (10) 100 (0)
SDSS J093506.93+441107.0 870 52325 623 M1.5 DA 20000 7.0 70 (10) 40 (10)
SDSS J093526.43+245423.5 2294 53733 109 M2.5 DA 13000 8.25 -30 (10) 360 (10)
SDSS J093535.10+260111.2 2294 54524 549 M4.0 DA 20000 8.0 100 (200) 100 (100)
SDSS J093556.98+223036.1 2293 53730 15 M4.0 DA 9000 9.0 -0 (10) 20 (10)
SDSS J093632.34+341932.7 1594 52992 241 M4.5 DA 9000 7.75 -10 (10) -120 (10)
SDSS J093636.40+625606.3 1787 54465 38 M6.0 DA 11000 7.5 0 (0) 30 (30)
SDSS J093645.14+420625.7 940 52670 231 M5.0 DB 15000 8.0 -30 (10) -20 (10)
SDSS J093726.44+063000.8 993 52710 329 M4.5 DA 12000 7.5 -10 (10) 80 (10)
SDSS J093859.24+020925.2 477 52026 479 M1.0 DA 90000 9.0 -110 (10) 0 (10)
SDSS J093904.03+051114.8 993 52710 296 M4.5 DA 16000 8.0 100 (10) 110 (10)
SDSS J093918.47+572901.2 452 51911 67 M4.5 DA 12000 7.75 10 (10) 30 (10)
SDSS J093936.64+373434.8 1275 52996 611 M4.5 DA 16000 7.75 30 (10) 80 (10)
SDSS J093937.91+173953.6 2369 53733 496 M2.0 DA 100000 7.5 -540 (10) 130 (10)
SDSS J093947.96+325807.4 1943 53386 521 M3.5 DA 30000 7.75 -80 (10) 130 (10)
SDSS J093959.25+380139.2 1276 53035 435 M4.0 DA 18000 7.75 -40 (10) -70 (10)
SDSS J094002.40+534203.0 2404 53764 457 M5.5 DA 11000 7.5 -10 (10) 220 (10)
SDSS J094029.39+523324.8 2384 53763 143 M2.0 DA 16000 8.0 -40 (10) 160 (10)
SDSS J094035.24+520007.6 2404 53764 50 M3.5 DA 11000 8.25 10 (10) 110 (10)
SDSS J094101.87+062221.2 993 52710 415 M4.0 DA 20000 7.75 50 (10) 220 (10)
SDSS J094101.91+510719.8 901 52641 618 M3.0 DA 20000 7.75 40 (10) 40 (10)
SDSS J094102.72+145453.0 2581 54085 92 M2.5 DA 11000 7.0 40 (10) 400 (10)
SDSS J094103.01+523257.4 2404 53764 141 M3.5 DA 18000 7.75 -100 (10) 100 (10)
SDSS J094205.37+184658.0 2369 53733 535 M4.5 DA 20000 7.75 -10 (10) -30 (10)
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SDSS J094402.19+614308.0 2403 53795 167 M1.0 DA 35000 7.75 -60 (10) 0 (10)
SDSS J094542.62+173859.9 2369 53733 621 M0.5 DA 25000 8.5 -30 (10) 460 (10)
SDSS J094557.26+413041.7 1216 52709 326 M2.0 DA 18000 7.75 0 (10) 740 (10)
SDSS J094634.49+203003.4 2362 53759 423 M6.0 DA 10000 8.0 110 (10) 50 (10)
SDSS J094637.34+631228.2 2403 53795 448 M4.0 DA 10000 9.0 40 (10) 240 (10)
SDSS J094640.32+233733.4 2296 53735 26 M4.0 DA 12000 8.0 100 (10) 80 (10)
SDSS J094700.62+181954.6 2370 53764 439 M1.5 DA 16000 7.75 -10 (10) 40 (10)
SDSS J094716.58+675402.7 1879 54478 289 M0.0 DB 15000 9.0 -0 (0) 600 (200)
SDSS J094738.36+165820.9 2583 54095 343 M2.0 DA 16000 7.5 20 (10) 420 (10)
SDSS J094744.55+123338.0 1742 53053 617 M5.5 DA 13000 7.75 -170 (10) 80 (10)
SDSS J094745.63+632524.0 2403 53795 443 M5.0 DA 13000 8.5 -680 (10) 20 (10)
SDSS J094821.31+365935.4 1595 52999 368 M3.5 DA 10000 9.0 -40 (10) 330 (10)
SDSS J094853.94+573957.7 557 52253 412 M2.5 DA 35000 8.0 -30 (10) -0 (10)
SDSS J094900.27+014746.4 480 51989 558 M4.5 DA 80000 7.5 70 (10) 210 (10)
SDSS J094913.37+032254.5 571 52286 251 M4.5 DA 18000 7.75 180 (10) -20 (10)
SDSS J094952.74+012603.5 480 51989 111 M4.0 DA 12000 7.5 70 (10) 0 (10)
SDSS J095033.44+171711.4 2370 53764 83 M3.5 DB 30000 8.0 -20 (10) 480 (10)
SDSS J095108.74+025507.6 481 51908 419 M4.0 DA 12000 7.75 -10 (10) 100 (10)
SDSS J095108.99+040602.0 571 52286 471 M2.0 DA 70000 8.25 -50 (10) 600 (10)
SDSS J095245.74+182102.9 2370 53764 553 M2.5 DA 30000 7.75 -0 (10) 10 (10)
SDSS J095250.12+324328.9 1945 53387 20 M3.5 DA 11000 7.75 -0 (10) 220 (10)
SDSS J095250.47+155304.2 2583 54095 168 M2.5 DA 25000 7.5 150 (10) -100 (10)
SDSS J095250.98+055637.0 994 52725 117 M1.0 DA 20000 7.5 60 (10) 170 (10)
SDSS J095308.64+481344.6 1005 52703 106 M2.5 DA 18000 8.0 20 (10) -20 (10)
SDSS J095423.11+240410.8 2341 53738 19 M0.0 DA 70000 7.75 0 (10) 60 (10)
SDSS J095458.28+504517.9 3320 54912 96 M4.5 DA 16000 7.75 -70 (10) 0 (0)
SDSS J095458.86−002457.1 2867 54479 309 M4.5 DA 25000 8.25 100 (10) 100 (100)
SDSS J095632.23−003341.5 2867 54479 278 M5.0 DA 16000 8.0 50 (10) 400 (100)
SDSS J095641.79+013130.8 3154 54821 261 M5.0 DB 13000 9.0 100 (10) 600 (100)
SDSS J095706.00+615254.2 487 51943 126 M3.0 DA 40000 7.75 -30 (10) -150 (10)
SDSS J095723.83+020734.5 481 51908 630 M4.5 DA 11000 8.0 60 (10) 20 (10)
SDSS J095737.60+300136.6 1950 53436 366 M4.0 DA 25000 7.75 30 (10) -160 (10)
SDSS J095756.81+361445.0 1596 52998 191 M2.5 DB 11000 7.5 -50 (10) 370 (10)
SDSS J095806.63+214403.2 2298 53737 140 M3.5 DA 6000 9.0 -40 (10) 660 (10)
SDSS J095953.52−011504.5 2867 54479 203 M4.5 DA 13000 7.5 40 (10) 200 (0)
SDSS J100014.23+023742.2 500 51994 545 M5.0 DA 20000 7.75 160 (10) 100 (10)
SDSS J100015.19+304330.5 1950 53436 514 M5.0 DA 14000 8.0 -90 (10) 310 (10)
SDSS J100027.26+110140.6 1308 53053 352 M5.0 DA 9000 8.5 -170 (10) 110 (10)
SDSS J100117.50+020956.0 500 51994 595 M1.0 DA 20000 6.0 -720 (10) -20 (10)
SDSS J100131.19+320323.4 1949 53433 160 M5.0 DA 12000 7.75 10 (10) 100 (10)
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SDSS J100144.20+315111.5 2958 54552 142 M7.0 DA 11000 8.25 -580 (10) 300 (10)
SDSS J100206.98+435529.8 942 52703 108 M4.0 DA 16000 7.75 20 (10) 60 (10)
SDSS J100217.65+033659.9 573 52325 312 M4.5 DA 20000 7.75 30 (10) -50 (10)
SDSS J100310.06+041108.3 573 52325 396 M2.5 DA 16000 8.25 40 (10) 0 (10)
SDSS J100347.64+352958.3 2407 53771 332 M4.5 DA 11000 8.25 60 (10) 170 (10)
SDSS J100409.76+470519.8 872 52339 239 M2.0 DA 70000 7.0 60 (10) 70 (10)
SDSS J100413.18+342950.8 2407 53771 305 M0.0 DA 11000 8.5 -20 (10) 20 (10)
SDSS J100441.82+263206.7 2406 54084 343 M5.5 DB 10000 7.5 90 (10) 0 (10)
SDSS J100503.41+211204.0 2364 53737 196 M4.0 DA 20000 8.0 10 (10) -10 (10)
SDSS J100529.93+521937.9 903 52400 162 M7.0 DA 10000 8.5 -20 (10) 40 (10)
SDSS J100533.84+250149.5 2406 54084 292 M2.5 DB 12000 8.5 -30 (10) 290 (10)
SDSS J100536.92+174100.2 2585 54097 564 M4.5 DA 6000 5.0 80 (10) -250 (10)
SDSS J100609.18+004417.1 269 51910 608 M7.5 DA 8000 9.0 -120 (10) 10 (10)
SDSS J100636.40+563346.8 946 52407 345 M3.5 DB 15000 9.0 30 (10) 470 (10)
SDSS J100653.48+610028.7 770 52282 587 M5.0 DA 20000 8.25 -90 (10) 70 (10)
SDSS J100655.32+263647.8 2347 53757 388 M3.0 DA 18000 7.75 -70 (10) 60 (10)
SDSS J100721.14+300851.6 1953 53358 204 M4.0 DA 10000 9.0 0 (10) 70 (10)
SDSS J100732.50+254334.6 2406 54084 223 M4.5 DB 10000 9.0 -20 (10) 660 (10)
SDSS J100741.09+404125.9 1357 53034 354 M3.5 DA 11000 8.5 30 (10) 10 (10)
SDSS J100810.27+541107.1 3324 54943 396 M3.0 DB 14000 7.5 0 (10) 30 (20)
SDSS J100811.88+162450.4 2587 54138 297 M1.0 DA 100000 9.0 -20 (10) 0 (10)
SDSS J100821.19+260213.9 2406 54084 495 M3.0 DB 19000 8.0 30 (10) 30 (10)
SDSS J100844.74+120710.3 3249 54880 136 M3.0 DA 35000 5.0 -0 (10) 200 (100)
SDSS J100900.48+360457.6 2407 53771 436 M1.5 DB 36000 8.0 -10 (10) 270 (10)
SDSS J100905.63+024441.3 502 51957 362 M6.5 DA 14000 8.0 -10 (10) 0 (10)
SDSS J100928.47+200412.8 2364 53737 54 M7.0 DA 12000 8.0 0 (10) 120 (10)
SDSS J100953.70−002853.5 270 51909 181 M4.0 DA 20000 7.75 -30 (10) 30 (10)
SDSS J101006.92+301211.3 1953 53358 156 M6.0 DA 10000 8.5 70 (10) 240 (10)
SDSS J101032.63+344527.9 2407 53771 149 M2.5 DA 18000 7.75 0 (10) 150 (10)
SDSS J101046.87+171348.9 2587 54138 482 M4.0 DA 25000 7.5 40 (10) 120 (10)
SDSS J101123.54+295201.7 2348 53757 448 M5.0 DA 14000 8.0 -130 (10) 230 (10)
SDSS J101140.96+031412.2 573 52325 1 M4.5 DA 12000 7.0 -600 (200) 200 (200)
SDSS J101323.91+043946.2 574 52355 423 M6.0 DA 10000 8.5 40 (10) 60 (10)
SDSS J101344.14+391135.7 1357 53034 130 M2.5 DA 11000 8.25 -0 (10) 400 (10)
SDSS J101356.33+272410.6 3260 54883 187 M5.0 DA 13000 9.0 200 (0) 100 (100)
SDSS J101417.71+323648.1 1952 53378 13 M3.5 DB 15000 9.0 -20 (10) 40 (10)
SDSS J101451.61+454148.1 943 52376 590 M5.0 DA 18000 8.0 120 (10) 140 (10)
SDSS J101501.07+185006.3 2373 53768 10 M4.5 DA 12000 8.25 -70 (10) 120 (10)
SDSS J101612.61+324239.1 1955 53442 274 M5.0 DA 16000 7.75 60 (10) 90 (10)
SDSS J101614.70+490930.4 873 52674 378 M4.0 DA 18000 8.0 50 (10) 190 (10)
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SDSS J101634.45+333418.0 1955 53442 212 M2.5 DA 50000 9.0 20 (10) 640 (10)
SDSS J101647.21−010907.2 271 51883 123 M5.0 DA 20000 8.0 -30 (10) 90 (10)
SDSS J101650.40+080749.3 1237 52762 115 M4.5 DA 25000 8.0 -10 (10) -40 (10)
SDSS J101722.72+025147.8 574 52366 50 M5.5 DA 7000 8.25 60 (10) 420 (10)
SDSS J101804.31+253308.1 2346 53734 443 M4.0 DA 25000 8.25 30 (10) 20 (10)
SDSS J101805.57+463309.9 944 52614 403 M4.5 DA 16000 7.5 -670 (10) 50 (10)
SDSS J101819.46+174702.4 2589 54174 390 M2.0 DA 40000 7.0 -60 (10) -0 (10)
SDSS J101840.33+141408.1 2588 54174 40 M4.0 DA 25000 6.5 40 (10) -0 (10)
SDSS J101922.84+285400.8 2351 53772 229 M0.0 DA 35000 7.5 -10 (10) -40 (10)
SDSS J101928.10+570804.3 947 52411 347 M0.5 DA 35000 7.0 -500 (200) -200 (200)
SDSS J101934.96+202043.4 2374 53765 465 M3.0 DA 25000 7.75 80 (10) 30 (10)
SDSS J101954.55+402636.2 1357 53034 36 M5.0 DA 16000 7.75 -20 (10) 20 (10)
SDSS J101954.64+531737.0 904 52381 161 M5.0 DA 18000 7.5 160 (10) -60 (10)
SDSS J101958.61+283339.9 2351 53786 203 M3.0 DA 7000 5.5 -50 (10) -20 (10)
SDSS J102005.06+365342.8 1954 53357 599 M5.5 DA 11000 8.25 -380 (10) 110 (10)
SDSS J102014.53+355320.8 3152 54801 159 M5.0 DA 10000 7.75 0 (20) -40 (10)
SDSS J102102.26+174440.0 2868 54451 311 M4.5 DA 11000 9.0 -20 (20) 400 (0)
SDSS J102118.16+265101.1 3261 54881 294 M5.0 DA 16000 7.75 80 (10) 0 (0)
SDSS J102122.46+433633.2 3287 54941 526 M4.0 DA 18000 8.0 10 (10) 60 (30)
SDSS J102131.56+511623.0 1008 52707 475 M4.0 DB 40000 7.5 -50 (10) 20 (10)
SDSS J102205.96+080246.7 2869 54454 289 M3.0 DA 10000 9.0 30 (10) 100 (0)
SDSS J102213.46+294120.0 2351 53786 501 M4.0 DA 11000 7.75 30 (10) 320 (10)
SDSS J102252.04+275828.9 3261 54881 436 M3.5 DA 6000 5.5 10 (20) 140 (10)
SDSS J102254.76+580334.0 559 52316 92 M1.0 DA 25000 7.5 -90 (10) -330 (10)
SDSS J102256.26+095418.5 2869 54454 327 M4.5 DA 8000 8.25 10 (10) 30 (20)
SDSS J102327.59+440050.3 1358 52994 531 M5.0 DB 16000 7.5 -0 (200) -0 (100)
SDSS J102334.26+042722.3 575 52319 486 M4.5 DA 16000 7.75 10 (10) 10 (10)
SDSS J102438.46+162458.3 2868 54451 202 M4.0 DA 12000 7.75 110 (10) -200 (200)
SDSS J102453.04+103336.7 1598 53033 182 M1.0 DA 50000 8.5 0 (10) 630 (10)
SDSS J102515.39+174937.6 2868 54451 478 M4.5 DA 25000 7.75 10 (10) 90 (20)
SDSS J102557.92+224315.7 2366 53741 531 M4.0 DA 14000 7.5 -690 (10) -30 (10)
SDSS J102623.21+162938.6 2868 54451 86 M3.5 DA 11000 9.0 110 (10) 100 (100)
SDSS J102625.70+344525.6 1958 53385 432 M7.5 DA 10000 8.0 -40 (10) -10 (10)
SDSS J102627.72+301710.2 2351 53786 605 M6.5 DA 11000 8.25 -30 (10) -30 (10)
SDSS J102750.05+271244.2 2353 53794 231 M4.5 DA 20000 8.0 60 (10) 70 (10)
SDSS J102843.98+443252.7 2557 54178 399 M2.5 DA 11000 8.0 10 (10) 220 (10)
SDSS J102857.79+093129.9 2854 54480 573 M2.5 DA 16000 8.0 80 (20) 0 (0)
SDSS J103008.34+393715.5 1428 52998 603 M4.5 DA 30000 7.75 -530 (10) 30 (10)
SDSS J103024.66+464109.6 961 52615 558 M4.0 DA 10000 9.0 20 (10) 30 (10)
SDSS J103121.97+202315.1 2375 53770 634 M4.5 DA 16000 8.0 -10 (10) 50 (10)
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SDSS J103124.84+192620.7 2375 53770 5 M5.5 DA 14000 7.0 200 (10) -40 (10)
SDSS J103152.47+362832.9 1973 53432 165 M3.5 DB 15000 9.0 -20 (10) 670 (10)
SDSS J103209.78+372247.5 1973 53432 481 M5.0 DA 16000 8.0 30 (10) 40 (10)
SDSS J103224.99+542915.4 3176 54832 506 M1.0 DA 8000 6.0 -30 (20) -40 (10)
SDSS J103225.78+204935.7 2376 53770 436 M5.5 DA 18000 7.75 30 (10) 60 (10)
SDSS J103258.46+012159.7 505 52317 241 M1.0 DB 40000 8.5 10 (10) 110 (10)
SDSS J103318.90+593810.8 560 52296 191 M3.5 DA 14000 6.0 -610 (10) -150 (10)
SDSS J103426.19+151606.7 2594 54177 266 M3.5 DA 16000 7.75 20 (10) 50 (10)
SDSS J103432.27+442956.6 2567 54179 485 M5.0 DA 7000 8.0 140 (10) -290 (10)
SDSS J103500.91+023008.7 505 52317 430 M3.5 DA 100000 9.0 160 (10) 410 (10)
SDSS J103501.26+104222.7 1600 53090 296 M4.5 DA 9000 9.0 -10 (10) 30 (10)
SDSS J103514.79+390718.0 1430 53002 71 M2.0 DA 25000 8.0 50 (10) 150 (10)
SDSS J103743.61+655448.0 489 51930 538 M4.5 DA 16000 7.75 -10 (10) 50 (10)
SDSS J103813.54+210713.8 2376 53770 611 M0.0 DB 38000 8.5 0 (10) 30 (10)
SDSS J103837.22+015058.5 505 52317 107 M0.0 DA 40000 8.5 -10 (10) 220 (10)
SDSS J103952.62+285421.9 2356 53786 568 M1.0 DA 18000 8.0 -0 (10) 60 (10)
SDSS J104012.99+252559.9 2352 53770 597 M6.0 DA 10000 8.0 -150 (10) 100 (10)
SDSS J104036.43+515508.4 1010 52649 284 M4.5 DA 12000 7.75 -240 (10) -20 (10)
SDSS J104057.48+083421.6 2147 53491 314 M5.0 DA 11000 7.75 -130 (10) 110 (10)
SDSS J104103.81+201945.0 2478 54097 314 M3.5 DA 20000 8.0 0 (10) 40 (10)
SDSS J104107.67+092103.3 1240 52734 550 M2.0 DA 90000 8.25 30 (10) 490 (10)
SDSS J104113.67+293903.1 1969 53383 149 M4.5 DA 25000 8.0 -30 (10) 320 (10)
SDSS J104126.53+513607.3 1009 52644 70 M4.5 DA 18000 8.5 -30 (10) -30 (10)
SDSS J104142.56+391900.2 1998 53433 413 M3.0 DA 11000 9.0 50 (10) 150 (10)
SDSS J104155.90+303257.0 1969 53383 537 M5.5 DA 18000 8.0 -530 (10) -60 (10)
SDSS J104219.08+442916.0 1431 52992 68 M5.0 DA 25000 7.5 20 (10) 10 (10)
SDSS J104318.66+305013.0 1969 53383 570 M4.0 DA 16000 7.75 -50 (10) 60 (10)
SDSS J104322.98+051235.9 578 52339 534 M5.0 DA 16000 7.75 -20 (10) 170 (10)
SDSS J104346.93+402555.3 1433 53035 474 M4.5 DA 16000 7.75 -10 (10) 20 (10)
SDSS J104358.60+060321.0 1000 52643 55 M6.5 DA 11000 8.25 40 (10) 160 (10)
SDSS J104459.32+360554.7 2090 53463 273 M5.5 DA 9000 9.0 60 (10) 310 (10)
SDSS J104517.78−001833.7 275 51910 230 M4.5 DA 25000 7.5 20 (10) 20 (10)
SDSS J104534.46+315740.6 2019 53430 543 M1.0 DA 70000 7.5 50 (10) 70 (10)
SDSS J104604.39+214018.6 2478 54097 527 M2.5 DA 50000 7.75 50 (10) 60 (10)
SDSS J104634.77+604835.8 561 52295 500 M4.5 DA 30000 7.75 -500 (300) 100 (0)
SDSS J104635.23+594628.8 561 52295 208 M2.0 DA 35000 7.5 -80 (10) 130 (10)
SDSS J104738.24+052320.3 578 52339 609 M5.5 DA 12000 7.0 190 (10) -80 (10)
SDSS J104751.79+483503.8 2410 54087 357 M4.0 DA 11000 7.5 100 (10) -60 (10)
SDSS J104838.47+624158.3 773 52376 79 M4.0 DA 18000 7.75 -30 (10) -110 (10)
SDSS J104948.06+393324.7 1433 53035 61 M0.5 DA 35000 8.0 -40 (10) 30 (10)
Continued on Next Page. . .
211
Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
SDSS J105008.94+473748.0 2390 54094 270 M2.0 DA 16000 8.0 -30 (10) 490 (10)
SDSS J105038.63+413834.6 1362 53050 307 M5.5 DA 11000 7.75 -40 (10) 110 (10)
SDSS J105051.71−001207.7 2409 54210 121 M3.0 DA 12000 7.5 40 (10) 170 (10)
SDSS J105113.08+154220.8 3300 54914 399 M0.5 DA 25000 7.75 60 (20) 100 (100)
SDSS J105133.36+663401.1 490 51929 439 M5.0 DA 18000 7.75 140 (10) -70 (10)
SDSS J105216.51+262524.2 2357 53793 383 M6.0 DA 18000 7.75 -20 (10) 10 (10)
SDSS J105227.72+100337.6 2886 54498 362 M5.0 DA 25000 7.75 -40 (10) 0 (10)
SDSS J105313.32+384835.1 2007 53474 505 M2.5 DA 16000 8.0 0 (10) 330 (10)
SDSS J105346.29+291652.6 2359 53800 413 M5.5 DB 17000 9.0 60 (10) -0 (10)
SDSS J105405.22+283917.1 3263 54887 506 M5.0 DA 14000 7.75 40 (10) 300 (100)
SDSS J105417.85+170600.4 2483 53852 536 M6.5 DA 9000 9.0 70 (10) -180 (10)
SDSS J105421.97+512254.2 876 52669 536 M2.5 DA 20000 8.0 40 (10) 160 (10)
SDSS J105424.74+092258.2 2886 54498 479 M4.0 DA 30000 8.0 -30 (20) -0 (0)
SDSS J105436.18+100837.3 2885 54497 574 M5.0 DA 11000 7.5 40 (10) 60 (20)
SDSS J105526.24+472923.1 2390 54094 169 M4.0 DA 9000 8.5 -60 (10) 490 (10)
SDSS J105548.51+044206.9 580 52368 309 M3.0 DA 18000 8.0 20 (10) 210 (10)
SDSS J105617.52+505321.2 876 52669 590 M6.0 DA 18000 7.5 -10 (10) -100 (10)
SDSS J105623.85+025428.4 3242 54889 177 M4.5 DA 10000 7.75 -60 (10) 90 (30)
SDSS J105656.17+194458.5 2482 54175 608 M0.0 DA 100000 7.75 -0 (10) 490 (10)
SDSS J105657.36+330416.2 2026 53711 576 M4.5 DA 20000 8.0 -70 (10) 110 (10)
SDSS J105730.98+474614.4 2410 54087 112 M2.5 DA 13000 9.0 0 (10) 50 (10)
SDSS J105756.94+130703.6 1750 53358 52 M5.5 DA 14000 7.5 -300 (10) 0 (10)
SDSS J105806.04+152225.9 2483 53852 6 M1.0 DA 11000 8.25 -80 (10) 230 (10)
SDSS J105819.56+093659.4 2886 54498 628 M3.5 DB 14000 7.0 -100 (100) 100 (0)
SDSS J105845.27+164715.0 2483 53852 633 M1.0 DA 25000 8.0 20 (10) 40 (10)
SDSS J105849.68+105027.8 1603 53119 288 M1.0 DA 25000 9.0 40 (10) 0 (10)
SDSS J105853.19+390018.3 1988 53469 380 M3.0 DA 25000 7.75 30 (10) 40 (10)
SDSS J105853.59+005608.5 277 51908 372 M0.0 DA 30000 7.5 50 (30) 200 (100)
SDSS J105958.53+363456.5 2091 53447 185 M4.5 DA 18000 7.5 10 (10) 70 (10)
SDSS J110029.38+474645.8 2410 54087 61 M4.0 DB 14000 9.0 -10 (10) 490 (10)
SDSS J110052.64+073534.6 1002 52646 505 M4.5 DA 25000 7.75 -100 (10) 70 (10)
SDSS J110106.35+134622.7 1750 53358 32 M4.5 DA 20000 7.5 100 (10) -40 (10)
SDSS J110150.90+360559.5 2091 53447 95 M4.5 DA 35000 7.75 100 (200) -0 (100)
SDSS J110151.34+122241.5 1603 53119 492 M3.5 DA 25000 7.5 -40 (10) 30 (10)
SDSS J110213.46+553939.4 908 52373 276 M2.0 DA 100000 8.5 20 (20) 700 (200)
SDSS J110230.21+251526.3 2212 53789 295 M3.0 DA 11000 8.25 160 (10) -570 (10)
SDSS J110308.71+304445.5 1990 53472 490 M3.0 DA 9000 8.25 -30 (10) 1000 (0)
SDSS J110517.60+385125.8 2871 54536 467 M4.0 DA 10000 8.0 -130 (10) 40 (20)
SDSS J110529.79−164719.4 2708 54561 233 M3.0 DA 30000 7.5 -60 (10) 100 (100)
SDSS J110627.67−010514.6 278 51900 242 M4.5 DA 35000 7.0 30 (10) 10 (10)
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SDSS J110634.39+073712.2 1004 52723 388 M4.5 DA 30000 7.75 20 (10) 20 (10)
SDSS J110652.91+284245.4 2870 54534 631 M3.0 DA 18000 7.75 -0 (10) 100 (100)
SDSS J110734.09−162414.4 2690 54211 195 M1.5 DA 30000 7.75 40 (10) 200 (10)
SDSS J110736.89+612232.9 774 52286 555 M1.0 DA 20000 8.25 -20 (10) 30 (10)
SDSS J110738.06+380051.4 2871 54536 169 M4.5 DA 10000 9.0 20 (10) 100 (100)
SDSS J110741.48+283003.2 2870 54534 29 M2.0 DA 25000 7.5 20 (10) -0 (0)
SDSS J110747.05+154219.6 2491 53855 222 M0.0 DA 25000 9.0 -40 (10) 390 (10)
SDSS J110749.81+290940.0 2870 54534 607 M1.5 DA 16000 8.5 10 (10) 0 (100)
SDSS J110750.15+050559.0 581 52353 495 M5.0 DA 18000 7.75 140 (10) 50 (10)
SDSS J110758.95+275346.3 2870 54534 6 M2.0 DA 18000 8.5 60 (10) 200 (200)
SDSS J110759.75+204110.6 2488 54149 21 M4.5 DA 18000 8.0 60 (10) 40 (10)
SDSS J110805.35+652211.5 490 51929 19 M3.0 DA 25000 7.5 -100 (10) 60 (10)
SDSS J110818.06+533307.6 1011 52652 631 M5.0 DA 16000 8.25 0 (10) 70 (10)
SDSS J110826.47+092721.5 1221 52751 145 M4.0 DA 35000 7.5 30 (10) 110 (10)
SDSS J110834.67−154847.4 2708 54561 501 M3.0 DA 16000 8.0 40 (10) 70 (20)
SDSS J110843.04+312356.1 2092 53460 382 M3.0 DA 25000 8.0 -0 (10) -0 (10)
SDSS J110843.58+115515.9 1604 53078 276 M4.5 DA 50000 8.0 40 (10) 80 (10)
SDSS J110854.23−145147.1 2708 54561 447 M3.5 DA 6000 5.0 30 (10) 100 (100)
SDSS J110859.45−161214.0 2708 54561 515 M6.5 DB 18000 8.0 0 (0) 60 (10)
SDSS J110938.04+323938.6 2106 53714 597 M4.5 DA 20000 7.75 20 (10) 80 (10)
SDSS J110957.02+330245.8 2107 53786 318 M3.5 DA 20000 8.0 30 (10) 260 (10)
SDSS J111002.56+100637.1 2413 54169 351 M5.0 DA 13000 8.25 60 (10) 230 (10)
SDSS J111021.03+304737.4 2092 53460 169 M0.0 DA 9000 7.75 200 (200) -10 (10)
SDSS J111045.91+321447.2 2106 53714 22 M2.5 DA 40000 7.0 -30 (10) 0 (10)
SDSS J111048.27+640759.3 3325 54942 307 M0.0 DA 11000 7.75 20 (10) 0 (0)
SDSS J111210.25+392453.2 2871 54536 610 M2.0 DA 12000 7.75 60 (10) 100 (200)
SDSS J111251.21+190700.4 2872 54533 232 M2.5 DA 16000 8.25 0 (10) 100 (0)
SDSS J111331.84+202013.0 2492 54178 91 M7.0 DA 10000 7.5 120 (10) 60 (10)
SDSS J111358.28+203206.1 2492 54178 100 M1.5 DA 13000 5.0 30 (10) -40 (10)
SDSS J111400.91+451823.1 1438 53054 44 M4.0 DA 14000 7.75 170 (10) 150 (10)
SDSS J111419.28+083829.0 2413 54169 136 M5.5 DA 11000 7.75 20 (10) 80 (10)
SDSS J111424.66+334123.7 2107 53786 469 M3.5 DA 9000 8.5 -0 (10) -20 (10)
SDSS J111459.94+092411.1 1222 52763 266 M5.0 DA 11000 7.0 -60 (10) 150 (10)
SDSS J111501.52−120322.0 2874 54561 265 M5.0 DA 11000 8.25 -10 (10) 400 (100)
SDSS J111530.01+664300.9 491 51942 316 M6.0 DA 10000 7.75 -10 (10) -20 (10)
SDSS J111541.45+361926.2 2030 53499 6 M2.5 DA 20000 6.5 -10 (10) 0 (10)
SDSS J111544.56+425822.4 1364 53061 115 M4.5 DA 50000 5.5 320 (10) 0 (10)
SDSS J111614.49+535720.9 1012 52649 516 M6.5 DA 16000 8.0 -30 (10) 30 (10)
SDSS J111615.74+590509.3 2414 54526 465 M2.0 DA 20000 8.25 10 (10) 100 (0)
SDSS J111634.89+022338.2 510 52381 118 M4.0 DA 20000 7.5 110 (10) 20 (10)
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SDSS J111710.54−125540.9 2874 54561 205 M3.5 DA 11000 8.5 20 (10) 80 (30)
SDSS J111714.87+095415.2 2393 54156 509 M2.5 DA 12000 7.5 10 (10) 90 (10)
SDSS J111714.96+095415.7 2413 54169 558 M2.5 DA 18000 7.75 20 (10) 40 (10)
SDSS J111715.71+110737.8 1605 53062 259 M6.5 DA 16000 8.0 -100 (10) 80 (10)
SDSS J111735.12+012939.8 511 52636 284 M7.0 DA 10000 9.0 20 (10) 40 (10)
SDSS J111751.30+290432.4 2215 53793 178 M2.0 DA 16000 8.0 20 (10) 410 (10)
SDSS J111810.20+131338.5 1605 53062 369 M4.5 DA 30000 8.0 -10 (10) 130 (10)
SDSS J111914.19+380159.7 2037 53446 387 M3.5 DA 20000 7.75 -10 (10) 40 (10)
SDSS J111920.12−104810.7 2874 54561 448 M2.0 DB 11000 7.0 20 (10) 600 (200)
SDSS J111933.38+374411.3 2037 53446 421 M3.0 DA 12000 8.5 -50 (10) 50 (10)
SDSS J111950.70+185351.1 2872 54468 61 M1.5 DA 25000 9.0 -20 (30) 0 (300)
SDSS J112012.71+190126.8 2872 54468 74 M4.5 DA 6000 9.0 10 (10) 0 (200)
SDSS J112016.09+675750.6 2873 54505 379 M3.5 DA 11000 7.0 -10 (10) 100 (200)
SDSS J112048.76+381905.6 2037 53446 379 M3.0 DA 20000 7.75 10 (10) 60 (10)
SDSS J112104.75+602535.0 3328 54964 121 M4.0 DA 10000 8.25 -60 (10) -100 (0)
SDSS J112149.99+285904.7 2215 53793 29 M3.5 DA 16000 8.0 -10 (10) 60 (10)
SDSS J112307.36+003216.1 280 51612 507 M5.0 DA 18000 8.0 0 (10) 20 (10)
SDSS J112308.40−115559.3 2859 54570 72 M5.0 DA 10000 8.25 -110 (10) 300 (100)
SDSS J112357.73−011027.5 280 51612 43 M4.5 DA 16000 7.75 10 (10) -10 (10)
SDSS J112409.44+590935.8 2414 54526 596 M4.0 DA 10000 9.0 0 (10) 100 (0)
SDSS J112429.56+401303.7 1996 53436 470 M7.0 DA 16000 7.5 -110 (10) 110 (10)
SDSS J112512.29+290545.2 2217 53794 230 M3.5 DA 18000 7.75 -50 (10) 150 (10)
SDSS J112613.96+405703.1 1996 53436 406 M4.5 DA 30000 7.5 -600 (10) 190 (10)
SDSS J112623.88+010856.9 281 51614 402 M2.5 DA 18000 8.0 0 (10) 100 (10)
SDSS J112636.77+145829.8 1753 53383 549 M4.0 DA 16000 7.75 -240 (10) 50 (10)
SDSS J112651.03−081640.1 2876 54581 255 M2.0 DA 13000 7.75 70 (10) 0 (200)
SDSS J112712.22+172506.2 2499 54176 463 M0.5 DA 35000 7.75 10 (10) 170 (10)
SDSS J112722.01+424933.6 1443 53055 324 M6.0 DA 11000 8.25 30 (10) 50 (10)
SDSS J112748.27−002859.9 281 51614 163 M6.0 DA 13000 7.5 0 (10) 40 (10)
SDSS J112812.64+671738.4 2873 54505 513 M2.5 DA 20000 7.75 -40 (10) 0 (0)
SDSS J112813.94+125234.3 1606 53055 460 M0.5 DA 25000 7.5 0 (10) 160 (10)
SDSS J112840.73+084117.5 1223 52781 84 M3.5 DA 25000 8.0 -40 (10) 170 (10)
SDSS J112909.50+663704.4 491 51942 149 M4.5 DA 20000 7.75 -20 (10) 10 (10)
SDSS J112927.53−081526.9 2876 54581 94 M2.5 DA 100000 8.5 20 (10) 500 (100)
SDSS J113006.11−064716.0 2876 54581 536 M4.5 DA 16000 7.5 -50 (10) 50 (10)
SDSS J113022.53+313933.5 1974 53430 220 M4.5 DA 16000 7.5 120 (10) 30 (10)
SDSS J113139.06−032127.2 327 52294 295 M4.5 DA 14000 7.75 30 (10) 40 (10)
SDSS J113202.12+611325.7 3328 54964 600 M2.5 DA 11000 7.75 -0 (10) -0 (100)
SDSS J113212.68+583743.8 2881 54502 285 M3.5 DA 20000 8.0 -10 (10) -0 (0)
SDSS J113223.70+225313.2 2500 54178 565 M1.0 DA 35000 7.75 10 (10) 420 (10)
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SDSS J113309.03−012930.7 3233 54891 24 M5.0 DA 9000 8.5 10 (10) 100 (0)
SDSS J113312.06+233212.7 2501 54084 83 M7.0 DA 14000 7.5 -480 (10) 40 (10)
SDSS J113316.27+270747.6 2219 53816 431 M2.5 DA 50000 7.5 30 (10) 90 (10)
SDSS J113457.72+655408.7 2873 54505 55 M5.0 DB 14000 9.0 -20 (10) 500 (100)
SDSS J113511.14+000923.9 2877 54523 477 M4.5 DA 10000 9.0 30 (10) 300 (100)
SDSS J113511.35+601356.8 952 52409 571 M7.5 DA 13000 7.75 -620 (10) 40 (10)
SDSS J113557.51+010310.4 2877 54523 521 M5.0 DB 10000 8.0 60 (10) 600 (300)
SDSS J113600.68+001212.3 2877 54523 499 M2.5 DA 30000 8.0 40 (10) 400 (200)
SDSS J113609.59+484318.9 966 52642 69 M4.5 DB 40000 8.0 10 (10) -50 (10)
SDSS J113655.17+040952.7 837 52642 12 M6.0 DA 12000 7.75 80 (10) 40 (10)
SDSS J113705.47+392336.6 1972 53466 170 M3.5 DA 14000 7.75 -10 (10) -30 (10)
SDSS J113800.35−001144.5 2877 54523 111 M4.5 DA 11000 8.5 0 (10) 70 (20)
SDSS J113829.10+202040.2 2506 54179 377 M4.5 DA 18000 7.75 -120 (10) 120 (10)
SDSS J113833.14+351825.9 2012 53493 162 M3.0 DA 11000 7.5 -30 (10) -10 (10)
SDSS J113907.58+511103.7 880 52367 217 M3.5 DA 18000 7.75 -90 (10) 60 (10)
SDSS J113941.32+265944.2 2219 53816 593 M5.5 DA 16000 7.75 -550 (10) 130 (10)
SDSS J114012.10+301308.8 2220 53795 578 M3.5 DA 35000 7.5 40 (10) 40 (10)
SDSS J114030.07+154231.6 1761 53376 332 M3.0 DA 9000 8.5 -10 (10) 0 (10)
SDSS J114036.04+575743.4 1310 53033 579 M3.5 DA 30000 6.0 -70 (10) -30 (10)
SDSS J114046.44+331843.0 2097 53491 310 M4.5 DA 6000 6.5 10 (10) 380 (10)
SDSS J114049.41−025712.4 328 52282 226 M5.5 DA 14000 7.75 70 (10) -10 (10)
SDSS J114055.95+301828.0 2220 53795 619 M4.5 DA 16000 7.75 30 (10) 60 (10)
SDSS J114150.32+212459.5 2507 53876 165 M0.5 DA 30000 7.75 0 (20) 200 (100)
SDSS J114312.57+000926.5 283 51584 433 M4.0 DA 16000 7.75 140 (10) -10 (10)
SDSS J114316.55+665813.2 2873 54505 36 M2.5 DA 20000 7.5 90 (10) -200 (200)
SDSS J114349.96+501020.2 967 52636 536 M5.5 DA 25000 7.75 110 (10) -10 (10)
SDSS J114415.65+455700.2 1367 53083 586 M3.5 DA 18000 8.0 20 (10) 60 (10)
SDSS J114509.78+381329.3 1997 53442 491 M5.5 DA 7000 8.25 -250 (10) 0 (10)
SDSS J114523.59+251510.9 2510 53877 403 M4.5 DB 24000 8.0 60 (10) 20 (10)
SDSS J114524.45−020938.2 328 52282 593 M1.0 DA 8000 7.75 10 (10) 50 (10)
SDSS J114651.16+602151.9 2881 54502 617 M3.0 DA 30000 7.5 -40 (20) -1000 (0)
SDSS J114653.68+012518.2 514 51994 94 M3.0 DA 7000 5.0 130 (10) 50 (10)
SDSS J114716.08+293930.3 2222 53799 160 M5.5 DA 18000 8.0 -580 (10) 60 (10)
SDSS J114720.00+112813.3 1609 53142 256 M1.0 DA 13000 8.0 -40 (10) 220 (10)
SDSS J114734.58+142658.9 1761 53376 142 M2.0 DA 80000 8.0 -60 (10) 350 (10)
SDSS J114735.93+291503.4 2222 53799 141 M4.5 DA 16000 8.0 30 (10) 100 (10)
SDSS J114832.46+034934.4 840 52374 285 M5.0 DA 12000 8.25 0 (10) 30 (10)
SDSS J114852.51+440441.7 1367 53083 3 M3.5 DA 16000 8.0 -100 (100) 200 (100)
SDSS J114913.53−014728.6 329 52056 542 M2.0 DA 18000 7.5 -40 (10) -60 (10)
SDSS J114948.00−012044.0 329 52056 615 M4.5 DA 20000 7.75 -10 (10) 50 (10)
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SDSS J115031.25+365416.2 2035 53436 419 M3.0 DB 18000 8.5 30 (10) -10 (10)
SDSS J115053.41+062049.5 1621 53383 43 M5.5 DA 25000 7.75 10 (10) 10 (10)
SDSS J115156.94−000725.5 284 51943 440 M7.0 DA 10000 7.5 140 (10) -70 (10)
SDSS J115218.24+274825.9 2223 53793 478 M6.5 DA 16000 8.0 -120 (10) -20 (10)
SDSS J115356.16+400137.5 1976 53401 318 M4.5 DA 18000 7.5 -40 (10) -30 (10)
SDSS J115411.78+543251.4 1017 52706 181 M4.0 DA 40000 7.75 -500 (300) -200 (100)
SDSS J115510.86+271324.3 2223 53793 102 M1.0 DA 18000 8.0 10 (10) 190 (10)
SDSS J115554.24−025127.6 330 52370 64 M1.5 DA 25000 8.25 -0 (10) 100 (10)
SDSS J115848.88+171553.1 2512 53877 632 M5.0 DA 25000 7.75 -30 (10) 90 (10)
SDSS J115857.33+152921.5 1764 53467 359 M2.0 DA 30000 8.25 -20 (10) 360 (10)
SDSS J115900.77+401825.3 1976 53401 232 M4.0 DA 25000 8.25 30 (10) 80 (10)
SDSS J115904.92+112716.2 1611 53147 282 M6.0 DA 16000 7.75 -40 (10) 100 (10)
SDSS J115950.24+400143.9 1976 53401 238 M4.5 DA 8000 9.0 20 (10) 310 (10)
SDSS J120222.11+411810.9 1976 53401 540 M4.0 DA 20000 9.0 90 (10) 170 (10)
SDSS J120448.75+110157.9 3214 54866 197 M5.0 DA 10000 9.0 40 (10) 100 (100)
SDSS J120455.43+133715.7 1764 53467 139 M4.5 DA 12000 8.25 20 (10) 50 (10)
SDSS J120507.97+031234.4 517 52024 332 M5.0 DA 14000 8.0 -10 (10) 30 (10)
SDSS J120536.22+425608.1 1448 53120 516 M4.5 DA 18000 8.0 -0 (10) 80 (10)
SDSS J120909.36+651020.8 599 52317 477 M6.0 DA 14000 7.75 40 (10) 140 (10)
SDSS J120935.83+002924.4 3306 54922 385 M4.0 DA 14000 7.75 50 (20) 100 (100)
SDSS J121033.61+185346.2 2918 54554 56 M4.0 DA 11000 8.0 -10 (10) 100 (100)
SDSS J121048.46+054924.2 842 52376 604 M4.5 DA 10000 7.75 -70 (10) 10 (10)
SDSS J121107.93+034216.7 517 52024 610 M3.5 DA 25000 7.75 150 (10) 40 (10)
SDSS J121119.41+415555.3 1448 53120 37 M1.5 DA 30000 7.5 10 (10) 110 (10)
SDSS J121130.94−024954.5 332 52367 144 M3.0 DA 16000 7.75 20 (10) 100 (10)
SDSS J121150.94+110543.3 3214 54866 38 M5.0 DB 10000 7.0 40 (10) 600 (200)
SDSS J121258.25−012310.2 332 52367 564 M4.5 DA 18000 7.5 -150 (10) 150 (10)
SDSS J121318.15+510247.4 2919 54537 609 M3.5 DA 14000 7.75 20 (10) -30 (20)
SDSS J121324.26+380405.2 2001 53493 234 M2.5 DA 25000 8.5 -40 (10) 0 (10)
SDSS J121334.25+394356.9 2467 54176 61 M3.0 DB 25000 7.5 20 (10) 0 (10)
SDSS J121356.87+363531.0 2105 53472 546 M1.5 DA 30000 8.25 -20 (10) 30 (10)
SDSS J121408.95+265543.2 2231 53816 301 M5.5 DA 6000 6.5 -80 (10) 130 (10)
SDSS J121412.68+410132.9 2467 54176 601 M1.5 DA 12000 8.25 -40 (10) 170 (10)
SDSS J121423.12+410538.9 2467 54176 605 M4.5 DA 11000 8.0 10 (10) 50 (10)
SDSS J121625.88+432833.2 1450 53120 513 M3.0 DB 17000 8.0 20 (10) -0 (10)
SDSS J121653.18+235034.8 2657 54502 88 M2.5 DA 10000 9.0 -100 (20) 0 (100)
SDSS J121928.06+161158.7 1766 53468 569 M7.0 DA 6000 5.5 10 (10) 90 (10)
SDSS J122007.62+631628.6 780 52370 343 M4.5 DA 16000 8.5 30 (10) 570 (10)
SDSS J122024.13+231721.8 2645 54477 616 M1.5 DA 30000 7.5 -600 (100) 10 (10)
SDSS J122037.07+492334.2 970 52413 118 M1.5 DA 10000 9.0 -20 (10) 60 (10)
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SDSS J122105.35+492720.5 971 52644 303 M4.0 DA 30000 7.75 -20 (10) -10 (10)
SDSS J122149.09+285628.2 2232 53827 125 M6.0 DA 12000 8.25 20 (10) 10 (10)
SDSS J122315.42+313755.5 2013 53818 139 M3.0 DA 14000 7.5 40 (10) 60 (10)
SDSS J122325.50+281143.6 2231 53816 638 M3.5 DA 18000 7.5 -10 (10) -10 (10)
SDSS J122339.61−005631.2 2568 54153 213 M4.0 DA 12000 7.5 120 (10) -10 (10)
SDSS J122514.93+292523.2 2234 53823 314 M4.0 DA 14000 7.75 -0 (10) 210 (10)
SDSS J122553.02+010356.1 2568 54153 567 M5.0 DA 9000 8.25 50 (10) -100 (10)
SDSS J122630.87+303852.6 2232 53827 584 M4.0 DA 30000 7.5 170 (10) -10 (10)
SDSS J122634.98+322020.8 1971 53472 315 M4.5 DA 11000 8.5 30 (10) -240 (10)
SDSS J122644.17+010302.6 2568 54153 569 M4.5 DA 10000 8.0 20 (10) 0 (10)
SDSS J122752.72−015053.1 334 51993 420 M1.0 DA 18000 8.0 100 (10) 190 (10)
SDSS J122758.25+043123.4 2880 54509 34 M4.5 DA 13000 8.5 220 (20) -0 (100)
SDSS J122852.14+365727.6 2010 53495 353 M4.5 DA 25000 8.0 -610 (10) 460 (10)
SDSS J122906.21+252232.2 2659 54498 385 M3.0 DA 25000 8.0 -0 (0) 100 (100)
SDSS J122930.66+263050.5 2235 53847 247 M3.0 DA 14000 7.75 10 (10) 450 (10)
SDSS J123022.53+390843.8 1992 53466 537 M7.5 DA 9000 8.25 -1000 (0) 0 (0)
SDSS J123027.65+535323.6 1020 52721 219 M6.0 DA 10000 9.0 10 (10) -40 (10)
SDSS J123139.81−031000.3 334 51993 61 M5.0 DA 10000 7.75 -90 (10) 260 (10)
SDSS J123152.96+553525.5 1020 52721 487 M5.5 DA 11000 8.5 10 (10) 20 (10)
SDSS J123154.04+354550.3 2010 53495 202 M5.0 DA 16000 7.5 -100 (10) 50 (10)
SDSS J123214.39+351324.8 2015 53819 609 M0.5 DA 30000 8.25 40 (10) 280 (10)
SDSS J123223.81+380858.7 1992 53466 76 M4.0 DA 30000 8.0 -20 (10) -30 (10)
SDSS J123234.08+601630.0 956 52401 468 M4.0 DA 20000 7.75 -180 (10) 110 (10)
SDSS J123235.58+592026.9 956 52401 188 M0.5 DA 30000 8.25 -10 (10) 390 (10)
SDSS J123325.30+283241.3 2235 53847 524 M2.5 DA 11000 7.5 -40 (10) 30 (10)
SDSS J123406.87+443115.3 1372 53062 238 M4.5 DA 25000 7.75 170 (10) -20 (10)
SDSS J123409.18+193630.8 2612 54480 30 M6.0 DA 16000 7.75 20 (30) -30 (20)
SDSS J123417.46+195803.0 2612 54480 26 M2.0 DB 40000 8.0 10 (10) 0 (200)
SDSS J123522.27+061854.2 1628 53474 202 M5.5 DA 12000 7.5 -490 (10) 40 (10)
SDSS J123528.65+003042.2 2895 54567 498 M5.0 DA 10000 8.25 0 (10) 100 (0)
SDSS J123539.84+254142.3 2659 54498 576 M3.5 DA 14000 7.75 10 (10) 200 (100)
SDSS J123749.24+614343.8 781 52373 253 M3.5 DA 16000 8.0 10 (10) 40 (10)
SDSS J123834.37+362742.0 2022 53827 348 M5.5 DA 12000 7.75 20 (10) 60 (10)
SDSS J123836.35−004042.3 291 51660 314 M2.5 DA 35000 7.75 110 (10) 180 (10)
SDSS J123847.54−021900.8 2922 54612 339 M3.0 DA 10000 7.75 -10 (10) 1000 (0)
SDSS J123902.93+654934.6 600 52317 620 M3.5 DA 25000 7.5 100 (10) -80 (10)
SDSS J123922.34+005548.8 291 51660 329 M4.5 DA 18000 8.25 -20 (10) 140 (10)
SDSS J123942.13+483038.0 1455 53089 379 M4.5 DA 12000 7.5 30 (10) 90 (10)
SDSS J124053.33+303428.1 2237 53828 457 M1.5 DA 25000 7.5 10 (10) 50 (10)
SDSS J124054.82+434043.5 1372 53062 41 M5.0 DA 14000 7.5 10 (10) 10 (10)
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SDSS J124140.76+600711.4 2446 54571 345 M4.5 DA 10000 9.0 -100 (10) -100 (0)
SDSS J124141.37+140539.5 1769 53502 93 M3.0 DA 30000 7.5 -50 (10) 80 (10)
SDSS J124216.23+640859.7 601 52316 263 M0.0 DA 11000 9.0 0 (10) -30 (10)
SDSS J124232.46−064607.8 2689 54149 370 M2.5 DA 7000 8.0 10 (10) 310 (10)
SDSS J124246.16−063919.9 2707 54144 365 M2.5 DA 11000 8.0 40 (10) 40 (10)
SDSS J124250.40−085332.0 2707 54144 245 M2.5 DA 20000 7.5 -60 (10) 120 (10)
SDSS J124254.62+450658.6 1372 53062 599 M4.0 DA 14000 7.75 -10 (10) 50 (10)
SDSS J124342.94+144955.7 1769 53502 24 M5.0 DA 20000 8.5 -50 (10) 300 (10)
SDSS J124356.79−064758.4 2707 54144 444 M4.0 DA 16000 7.75 60 (10) 100 (10)
SDSS J124359.57+251854.6 2660 54504 553 M2.0 DB 16000 9.0 -40 (10) 500 (200)
SDSS J124432.25+101710.8 1789 54259 489 M3.5 DA 25000 7.5 100 (200) -80 (20)
SDSS J124511.47+584551.8 2461 54570 283 M1.5 DA 20000 8.0 -10 (10) 100 (300)
SDSS J124611.85+325059.5 1975 53734 540 M5.5 DA 14000 7.75 50 (10) 210 (10)
SDSS J124702.76+313448.8 1975 53734 151 M5.0 DA 10000 9.0 -20 (10) 480 (10)
SDSS J124731.83+585158.1 2461 54570 251 M3.0 DA 9000 7.0 -10 (20) -0 (100)
SDSS J124808.93+605726.4 2461 54570 365 M2.0 DA 25000 7.75 -100 (0) -20 (20)
SDSS J124831.79+435318.4 1373 53063 201 M1.5 DA 16000 8.25 -0 (10) 0 (10)
SDSS J124910.55+284333.8 2472 54175 55 M3.0 DA 10000 5.5 10 (10) 80 (10)
SDSS J124919.23+280459.1 2238 54205 613 M4.5 DA 14000 7.5 -0 (10) 180 (10)
SDSS J124920.58+341631.4 1987 53765 491 M3.5 DA 18000 7.75 -70 (10) -60 (10)
SDSS J124935.09+375132.9 1989 53772 199 M4.5 DA 9000 9.0 -90 (10) 10 (10)
SDSS J124945.15+495752.8 2923 54563 464 M4.0 DA 9000 9.0 50 (10) -100 (100)
SDSS J124959.76+035726.6 847 52426 46 M1.5 DA 80000 8.25 0 (10) 0 (10)
SDSS J125105.18+502727.6 2923 54563 459 M3.0 DA 18000 7.5 -40 (10) 0 (100)
SDSS J125108.43+344050.5 1987 53765 577 M3.5 DA 14000 7.5 10 (10) 260 (10)
SDSS J125109.24+004321.1 292 51609 532 M5.0 DA 16000 7.5 0 (10) 130 (10)
SDSS J125146.04+290906.4 2472 54175 31 M4.5 DA 16000 7.75 -50 (10) 70 (10)
SDSS J125207.17+012156.8 523 52026 289 M2.0 DA 25000 8.25 -10 (10) -170 (10)
SDSS J125207.48+444827.8 1373 53063 514 M0.5 DA 25000 8.5 -40 (20) 500 (100)
SDSS J125250.03−020608.2 338 51694 343 M3.0 DA 10000 9.0 30 (10) 50 (10)
SDSS J125324.57+555457.4 1038 52673 605 M2.0 DA 20000 5.5 -520 (10) -30 (10)
SDSS J125341.55+555322.4 1038 52673 604 M0.0 DA 16000 5.0 420 (10) -30 (10)
SDSS J125341.55+103414.0 2963 54589 540 M5.0 DA 16000 7.75 -20 (10) -30 (20)
SDSS J125354.17+581327.5 1317 52765 619 M3.0 DA 16000 7.75 -60 (10) 100 (10)
SDSS J125427.55+291531.6 2239 53726 27 M4.0 DA 11000 7.0 -40 (10) -40 (10)
SDSS J125439.22+315929.6 1994 53845 480 M2.5 DB 10000 9.0 -40 (10) 690 (10)
SDSS J125514.36+115600.0 1695 53473 188 M6.0 DA 8000 8.25 40 (10) 50 (10)
SDSS J125519.74+025423.8 523 52026 474 M5.0 DA 10000 8.25 20 (10) 100 (10)
SDSS J125622.69+182631.5 2602 54149 414 M3.5 DA 16000 7.75 100 (10) 130 (10)
SDSS J125642.38+204201.8 2924 54582 407 M3.0 DA 25000 7.75 -500 (100) 30 (20)
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SDSS J125645.48+252241.7 2661 54505 561 M4.5 DA 20000 8.25 0 (100) 100 (100)
SDSS J125716.07+423654.8 1458 53119 409 M4.0 DA 20000 8.0 0 (10) 100 (10)
SDSS J125736.91+475521.8 1457 53116 555 M5.0 DA 20000 7.5 -560 (10) 130 (10)
SDSS J125740.05+130514.3 1695 53473 535 M3.0 DA 50000 7.75 30 (10) 100 (10)
SDSS J125757.88+545841.0 1039 52707 386 M0.5 DA 30000 8.25 30 (10) 180 (10)
SDSS J125820.85+380926.9 1989 53772 38 M2.5 DA 30000 7.5 0 (10) 0 (10)
SDSS J125903.40+193145.7 2924 54582 180 M0.5 DA 30000 8.0 -0 (10) 1000 (0)
SDSS J125919.51+321935.5 1994 53845 638 M4.0 DA 8000 8.25 10 (10) 20 (10)
SDSS J125944.60+154456.2 1771 53498 441 M6.0 DA 11000 8.25 30 (10) 60 (10)
SDSS J130012.49+190857.4 2924 54582 114 M5.0 DA 8000 7.5 100 (10) -200 (0)
SDSS J130022.41+373318.8 2018 53800 227 M3.5 DB 11000 7.5 -10 (10) 0 (10)
SDSS J130032.01+153018.9 1771 53498 458 M5.0 DA 18000 7.5 -10 (10) -50 (10)
SDSS J130041.00+571525.6 1318 52781 487 M1.5 DB 36000 9.0 -50 (10) 0 (10)
SDSS J130132.20+050535.5 849 52439 469 M4.5 DA 20000 7.75 -50 (10) -10 (10)
SDSS J130251.12+442918.4 1374 53083 488 M4.5 DA 20000 7.75 -30 (10) -90 (10)
SDSS J130339.00+185553.0 3235 54880 298 M4.0 DA 16000 7.75 -20 (10) -0 (100)
SDSS J130403.64+144955.6 1771 53498 632 M5.0 DA 11000 9.0 -80 (10) -150 (10)
SDSS J130439.18+292228.9 2011 53499 613 M0.5 DA 25000 8.0 -50 (10) 160 (10)
SDSS J130558.92+251449.8 2662 54505 568 M1.0 DA 25000 8.0 20 (10) -100 (100)
SDSS J130814.03+121705.1 1696 53116 507 M4.5 DA 13000 7.5 -310 (10) 40 (10)
SDSS J130902.93+222655.5 2650 54505 588 M2.5 DA 6000 6.5 20 (10) 0 (1000)
SDSS J130942.34+383054.0 2088 53493 201 M4.0 DA 30000 5.0 -80 (10) 50 (10)
SDSS J130956.38+292805.0 2009 53857 480 M3.5 DA 25000 7.75 -40 (10) -20 (10)
SDSS J131033.52+533032.5 1040 52722 229 M3.0 DA 30000 8.0 -610 (10) 70 (10)
SDSS J131156.70+544455.8 1039 52707 628 M2.0 DA 10000 8.25 20 (10) 50 (10)
SDSS J131208.11+002058.0 2926 54625 483 M4.0 DA 20000 7.75 -10 (10) 30 (20)
SDSS J131227.94+161505.3 2604 54484 256 M4.0 DA 9000 8.25 0 (200) -100 (0)
SDSS J131247.93−003427.6 2926 54625 150 M2.5 DA 7000 8.25 0 (10) 0 (100)
SDSS J131249.46+592718.1 958 52410 483 M6.0 DA 20000 7.75 -60 (10) -10 (10)
SDSS J131334.74+023750.8 525 52029 509 M4.0 DA 16000 8.25 -50 (10) 90 (10)
SDSS J131350.97+063432.5 1795 54507 5 M3.0 DA 30000 7.75 60 (10) 0 (100)
SDSS J131450.79+152453.5 1773 53112 363 M5.5 DA 12000 8.0 10 (10) 40 (10)
SDSS J131646.08+273553.6 2243 53794 521 M1.0 DA 35000 8.0 10 (10) 230 (10)
SDSS J131709.08+245644.3 2663 54234 583 M0.5 DA 40000 8.5 -0 (10) 0 (10)
SDSS J131815.94+443208.4 1375 53084 598 M0.5 DA 35000 9.0 20 (10) 0 (10)
SDSS J131824.17+230041.6 2651 54507 608 M3.0 DB 19000 8.0 40 (10) -50 (20)
SDSS J131826.42+503357.7 1667 53430 201 M6.5 DA 12000 8.0 100 (10) 40 (10)
SDSS J131954.21+013418.1 526 52312 217 M5.0 DA 9000 9.0 40 (10) 50 (10)
SDSS J131954.58−011208.3 3307 54970 217 M4.5 DA 8000 5.0 -20 (10) 120 (20)
SDSS J132001.24+112805.3 1698 53146 301 M1.5 DA 10000 7.0 50 (10) -20 (10)
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SDSS J132040.28+661214.8 496 51988 189 M1.5 DA 25000 7.75 -20 (10) 80 (10)
SDSS J132117.66+040019.9 851 52376 96 M4.0 DA 20000 7.5 20 (10) -20 (10)
SDSS J132312.65−025456.1 341 51690 61 M4.0 DA 8000 9.0 10 (10) 0 (10)
SDSS J132341.89+541636.6 1040 52722 628 M4.0 DA 18000 8.25 160 (10) -100 (10)
SDSS J132355.29+301828.0 2002 53471 608 M9.5 DA 7000 7.0 -650 (10) -120 (10)
SDSS J132427.12+080425.3 1799 53556 416 M0.5 DA 30000 7.5 -30 (10) -30 (10)
SDSS J132440.97+012805.8 527 52342 299 M4.5 DB 14000 9.0 60 (10) 0 (10)
SDSS J132452.03+124825.5 1698 53146 571 M4.0 DA 25000 7.5 50 (10) -80 (10)
SDSS J132725.72+505711.0 1667 53430 27 M1.5 DA 40000 7.5 -20 (10) -80 (10)
SDSS J132824.77+222519.2 2652 54508 639 M2.0 DA 14000 8.0 -30 (10) 0 (0)
SDSS J132830.93+125941.4 1699 53148 407 M4.5 DA 20000 7.75 -40 (10) 40 (10)
SDSS J132914.90+114723.1 1699 53148 488 M6.0 DA 10000 8.25 -20 (10) 100 (10)
SDSS J132933.67+255743.3 2244 53795 67 M2.5 DA 11000 7.0 -30 (10) 160 (10)
SDSS J132942.56+665539.8 2460 54616 500 M2.0 DA 18000 8.25 -50 (10) 200 (300)
SDSS J133057.91+455224.5 1463 53063 156 M4.0 DA 16000 7.75 240 (10) -40 (10)
SDSS J133058.19+012706.6 527 52342 19 M4.5 DA 16000 7.5 30 (10) -40 (10)
SDSS J133100.78+084404.5 1802 53885 296 M5.0 DA 16000 7.75 -80 (10) 80 (10)
SDSS J133111.63+535352.4 3318 54951 465 M4.0 DA 10000 8.25 20 (10) 60 (20)
SDSS J133130.27+662304.9 497 51989 347 M5.0 DA 13000 7.5 40 (10) 40 (10)
SDSS J133146.45+183225.2 2641 54230 184 M4.5 DA 20000 7.75 -30 (10) 40 (10)
SDSS J133359.97+105453.0 1699 53148 10 M2.0 DA 16000 8.5 160 (10) 500 (100)
SDSS J133607.08+290426.4 1978 53473 550 M3.0 DA 25000 7.75 -70 (10) -10 (10)
SDSS J133608.60+150143.2 1775 53847 531 M7.0 DA 12000 8.0 30 (10) 40 (10)
SDSS J133613.07+124613.3 1700 53502 362 M5.0 DA 12000 7.75 0 (10) 20 (10)
SDSS J133633.22−013116.5 911 52426 607 M1.5 DA 100000 5.0 0 (10) 10 (10)
SDSS J133645.56−002231.3 299 51671 301 M4.5 DA 8000 6.5 0 (100) 20 (10)
SDSS J133722.74+202855.0 2654 54231 296 M4.5 DA 20000 7.75 -30 (10) -20 (10)
SDSS J133732.33+082815.5 2928 54614 286 M3.5 DA 12000 8.25 20 (10) 300 (300)
SDSS J133830.07+102034.7 2928 54614 368 M2.5 DA 18000 8.25 20 (10) 0 (100)
SDSS J133917.97+593752.7 960 52466 526 M2.5 DA 50000 7.5 -40 (10) 350 (10)
SDSS J133928.50+224844.8 2666 54230 300 M3.0 DB 17000 7.5 -20 (10) -60 (10)
SDSS J133953.89+015614.9 528 52022 74 M3.5 DA 20000 8.0 40 (10) 170 (10)
SDSS J134008.04+082248.5 2903 54581 216 M4.0 DA 12000 7.75 -20 (10) 30 (30)
SDSS J134051.01+321016.0 2109 53468 23 M5.0 DA 11000 8.5 -100 (10) 100 (10)
SDSS J134100.04+602610.5 786 52319 269 M2.0 DA 35000 7.0 -30 (10) 60 (10)
SDSS J134135.24+612128.7 785 52339 599 M2.5 DB 36000 7.5 10 (10) 70 (10)
SDSS J134145.54+284649.9 2929 54616 327 M5.5 DA 13000 7.75 -1000 (0) 0 (0)
SDSS J134208.95+044852.7 854 52373 424 M3.5 DA 12000 7.75 70 (10) 20 (10)
SDSS J134406.32+212040.4 2654 54231 550 M4.5 DA 20000 7.75 0 (10) 100 (10)
SDSS J134428.42+052455.0 854 52373 450 M3.5 DA 9000 9.0 -590 (10) -40 (10)
Continued on Next Page. . .
220
Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
SDSS J134451.11+411036.3 1377 53050 460 M4.5 DA 25000 7.5 -20 (10) 80 (10)
SDSS J134520.62+174805.4 2930 54589 298 M3.0 DA 16000 7.5 20 (10) -0 (0)
SDSS J134554.22+005221.0 299 51671 615 M0.5 DA 8000 6.5 20 (10) 170 (10)
SDSS J134557.68+330050.7 2024 53503 400 M1.0 DA 10000 9.0 -60 (10) -40 (10)
SDSS J134613.91+214432.2 2654 54231 625 M2.0 DA 9000 7.75 -90 (10) 330 (10)
SDSS J134624.89+021734.3 530 52026 279 M3.0 DA 30000 7.0 30 (10) 90 (10)
SDSS J134641.59+174357.5 2930 54589 244 M2.5 DA 14000 8.25 20 (10) 700 (300)
SDSS J134714.31+412909.6 1377 53050 579 M1.5 DA 30000 7.5 -20 (10) 420 (10)
SDSS J134721.81+270724.9 2114 53848 310 M1.5 DA 20000 7.75 -30 (10) 10 (10)
SDSS J134725.84+084858.3 1806 53559 319 M3.5 DA 11000 7.75 -30 (10) -50 (10)
SDSS J134737.98+055723.8 1803 54152 10 M5.5 DA 14000 7.75 -30 (10) 30 (10)
SDSS J134745.48+334719.4 2028 53818 92 M1.0 DA 16000 8.0 -10 (10) 30 (10)
SDSS J134841.61+183410.5 2905 54580 488 M4.5 DA 16000 8.0 0 (10) -20 (20)
SDSS J134901.86+020136.5 530 52026 200 M1.0 DA 8000 7.5 -0 (10) -50 (10)
SDSS J134942.50+473001.7 1284 52736 74 M5.0 DA 30000 8.0 -20 (10) 60 (10)
SDSS J135012.61+274019.6 2114 53848 558 M4.0 DA 25000 7.5 20 (10) 10 (10)
SDSS J135039.55+261511.7 2115 53535 531 M4.0 DA 25000 7.5 -80 (10) -40 (10)
SDSS J135043.94+193334.3 2930 54589 571 M2.0 DB 17000 8.0 -20 (10) -30 (10)
SDSS J135207.78+185033.8 2930 54589 583 M3.5 DA 10000 9.0 10 (10) 100 (100)
SDSS J135228.15+452932.1 1466 53083 425 M3.5 DA 30000 7.75 -10 (10) 70 (10)
SDSS J135437.77+191145.2 2756 54508 413 M5.5 DB 11000 9.0 -30 (30) 0 (100)
SDSS J135521.32−023122.3 914 52721 156 M0.5 DA 50000 8.0 -50 (10) 0 (300)
SDSS J135643.56−085809.0 2716 54628 399 M1.0 DA 14000 7.75 -60 (10) 30 (30)
SDSS J135930.16+180314.8 2756 54508 61 M3.5 DA 20000 7.75 -500 (200) 100 (0)
SDSS J135930.96−101029.7 2716 54628 211 M4.5 DA 16000 8.0 0 (10) 50 (10)
SDSS J135931.90+054420.6 1808 54176 203 M4.0 DA 16000 7.5 -30 (10) 70 (10)
SDSS J135935.59+362359.9 1642 53115 252 M5.5 DA 14000 7.75 40 (10) 100 (10)
SDSS J140115.68+214157.2 2784 54529 112 M4.5 DA 6000 7.0 -30 (10) 1000 (0)
SDSS J140155.82+193118.2 2757 54509 409 M4.5 DA 18000 7.75 100 (0) 20 (10)
SDSS J140202.52+252552.0 2124 53770 350 M1.0 DA 9000 8.5 -10 (10) 170 (10)
SDSS J140236.66+542145.6 1324 53088 226 M2.5 DB 13000 9.0 200 (10) 360 (10)
SDSS J140353.51−014057.5 915 52443 508 M4.5 DA 35000 7.75 -600 (300) 600 (200)
SDSS J140357.65+541856.5 1325 52762 355 M6.0 DA 14000 7.75 50 (10) -10 (10)
SDSS J140526.06+111423.5 1703 53799 79 M5.0 DA 12000 8.0 -0 (10) 140 (10)
SDSS J140534.93+040906.7 582 52045 200 M3.5 DA 16000 7.75 40 (10) 110 (10)
SDSS J140544.82+600537.0 788 52338 389 M0.5 DA 35000 7.75 20 (10) 20 (10)
SDSS J140557.30+445335.9 1467 53115 486 M8.0 DB 13000 8.0 -40 (10) -30 (10)
SDSS J140723.04+003841.8 302 51616 464 M6.0 DA 10000 9.0 -20 (10) 120 (10)
SDSS J140728.14+364202.2 2931 54590 428 M3.5 DA 18000 8.0 100 (100) 190 (20)
SDSS J140816.84+331448.5 1839 53471 253 M5.0 DA 11000 8.5 10 (10) 370 (10)
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SDSS J140847.14+295045.0 2122 54178 590 M5.0 DA 30000 7.75 -650 (10) 70 (10)
SDSS J140850.09+202159.5 2771 54527 115 M2.0 DA 18000 9.0 -70 (10) 400 (100)
SDSS J140923.27+371048.6 2906 54577 469 M0.0 DA 40000 8.0 -10 (10) 200 (100)
SDSS J140949.56+433911.4 1467 53115 20 M4.0 DA 6000 5.5 -120 (10) 260 (10)
SDSS J141052.79+375435.7 2931 54590 526 M1.0 DA 10000 8.0 20 (10) 0 (0)
SDSS J141057.74−020236.7 916 52378 496 M4.0 DA 30000 7.5 40 (10) -110 (10)
SDSS J141134.70+102839.8 1705 53848 131 M2.5 DA 35000 7.5 -110 (10) 250 (10)
SDSS J141220.70+654123.3 498 51984 547 M5.0 DA 13000 7.5 -150 (10) 110 (10)
SDSS J141231.53+264055.0 2123 53793 27 M1.5 DA 25000 8.25 -20 (10) 200 (10)
SDSS J141325.20+515017.2 1044 52468 37 M2.0 DA 11000 5.0 -500 (300) 400 (200)
SDSS J141451.74−013242.8 917 52400 329 M6.0 DA 12000 8.0 10 (10) 150 (10)
SDSS J141635.71+360006.6 2931 54590 61 M2.0 DA 18000 8.0 -20 (10) 0 (100)
SDSS J141646.01+345050.1 1839 53471 608 M1.0 DA 40000 8.0 -520 (10) 150 (10)
SDSS J141731.25+015059.0 534 51997 314 M4.0 DA 16000 7.5 -10 (10) 90 (10)
SDSS J141740.23+130148.6 1706 53442 117 M4.5 DA 40000 7.0 20 (10) 70 (10)
SDSS J141759.16+361542.8 2931 54590 32 M1.5 DA 18000 8.25 10 (10) 400 (100)
SDSS J141912.58+072816.9 1826 53499 407 M4.5 DA 16000 8.0 -40 (10) 0 (10)
SDSS J141927.30+470657.0 3312 54969 524 M2.5 DA 25000 7.75 -50 (10) 200 (100)
SDSS J142105.32+572457.2 2447 54498 540 M1.5 DB 29000 8.0 -30 (10) 10 (10)
SDSS J142226.64+234628.0 2132 53493 278 M0.5 DA 100000 8.5 30 (10) 580 (10)
SDSS J142241.90+513538.0 1045 52725 544 M0.0 DA 100000 9.0 -0 (10) 140 (10)
SDSS J142355.07+240924.4 2132 53493 396 M5.5 DA 40000 7.0 40 (10) -70 (10)
SDSS J142440.51+492957.9 1046 52460 285 M0.0 DA 9000 9.0 -30 (10) 50 (10)
SDSS J142503.63+073846.5 2933 54617 285 M4.0 DA 10000 9.0 -20 (10) -1000 (1000)
SDSS J142522.83+210940.6 2787 54552 174 M4.5 DA 18000 7.5 0 (10) 0 (100)
SDSS J142541.32+023047.4 535 51999 348 M6.0 DA 12000 8.25 110 (10) 10 (10)
SDSS J142541.81+442411.8 2932 54595 205 M3.0 DA 10000 9.0 40 (10) 100 (100)
SDSS J142557.28+442554.2 2932 54595 202 M2.5 DA 18000 7.75 -30 (10) -0 (100)
SDSS J142559.73+365800.8 1381 53089 241 M3.0 DA 30000 7.0 -0 (10) 50 (10)
SDSS J142610.28+600153.5 607 52368 306 M4.0 DA 20000 7.5 -110 (10) 70 (10)
SDSS J142631.93+091621.1 2933 54617 340 M4.0 DA 10000 9.0 -40 (10) 400 (100)
SDSS J142726.33+114347.6 1708 53503 127 M0.5 DA 30000 7.75 -30 (10) 390 (10)
SDSS J142823.33+302655.9 3384 54948 440 M5.0 DA 12000 8.0 -0 (10) -0 (0)
SDSS J142824.52+455730.0 2932 54595 451 M3.0 DA 16000 7.75 30 (20) 10 (20)
SDSS J142825.00+554944.7 2462 54561 36 M5.5 DA 18000 8.0 20 (10) 100 (100)
SDSS J142917.87+285103.0 2134 53876 365 M4.5 DA 20000 7.0 -40 (10) 50 (10)
SDSS J142951.19+575949.1 2547 53917 198 M3.5 DA 18000 9.0 90 (10) 440 (10)
SDSS J143017.23−024034.2 918 52404 51 M5.0 DA 11000 8.5 -110 (10) 220 (10)
SDSS J143026.85+073450.1 2933 54617 85 M4.5 DB 13000 9.0 30 (10) 100 (200)
SDSS J143043.97+111317.4 1709 53533 534 M3.0 DA 25000 7.75 10 (10) 80 (10)
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SDSS J143114.35+075707.0 2933 54617 146 M1.5 DA 25000 7.75 -10 (10) 100 (100)
SDSS J143137.37+203843.3 2788 54553 263 M3.0 DA 16000 8.0 100 (0) 100 (0)
SDSS J143143.83+565728.2 2547 53917 122 M6.0 DA 10000 8.0 10 (10) 180 (10)
SDSS J143222.08+611231.2 607 52368 448 M5.0 DB 14000 8.0 10 (10) -160 (10)
SDSS J143231.23+065222.3 1827 53531 612 M1.5 DA 35000 8.0 60 (10) 40 (10)
SDSS J143443.25+533521.2 1326 52764 639 M5.0 DA 20000 7.5 -120 (10) -10 (10)
SDSS J143519.16+362952.1 1382 53115 267 M5.5 DA 7000 7.0 -50 (10) -30 (10)
SDSS J143547.87+373338.6 1382 53115 342 M4.5 DA 14000 7.75 270 (10) -20 (10)
SDSS J143551.65+043209.9 586 52023 421 M0.0 DA 25000 7.5 0 (10) -110 (10)
SDSS J143604.00+571906.3 2547 53917 56 M1.0 DA 25000 9.0 10 (10) 0 (10)
SDSS J143628.56+145933.5 2748 54234 427 M5.5 DA 11000 8.0 -70 (10) -40 (10)
SDSS J143633.67+615436.9 607 52368 541 M6.5 DA 14000 8.5 20 (10) -30 (10)
SDSS J143649.61+323734.2 1841 53491 78 M1.0 DA 35000 8.0 -0 (10) -200 (10)
SDSS J143654.58−010515.4 307 51663 249 M2.5 DA 8000 5.0 -30 (10) 30 (10)
SDSS J143654.91−014009.7 919 52409 498 M6.5 DA 18000 7.75 -1000 (0) 200 (100)
SDSS J143717.52+385626.9 1350 52786 357 M3.0 DB 20000 9.0 10 (10) 490 (10)
SDSS J143717.65+242802.8 2139 53878 229 M0.0 DA 18000 7.75 -30 (10) 110 (10)
SDSS J143722.17+380907.7 1382 53115 409 M0.5 DA 16000 7.75 10 (10) 40 (10)
SDSS J143746.70+573706.1 790 52433 115 M4.5 DA 20000 8.0 10 (10) 260 (10)
SDSS J143809.13+330905.1 1841 53491 621 M4.5 DA 25000 7.75 30 (10) 20 (10)
SDSS J143826.04+421111.6 1396 53112 495 M4.5 DA 11000 7.5 -540 (10) -60 (10)
SDSS J143914.28+413044.8 1396 53112 167 M3.0 DB 10000 7.0 0 (10) 0 (10)
SDSS J143938.71+363857.3 1382 53115 174 M3.0 DA 30000 7.5 -540 (10) 470 (10)
SDSS J143947.62−010606.9 307 51663 90 M0.5 DA 40000 7.5 -10 (10) 550 (10)
SDSS J143957.93+573944.7 2539 53918 8 M1.0 DA 20000 7.0 20 (10) -70 (10)
SDSS J144123.88+144927.0 2748 54234 546 M4.5 DA 12000 8.0 10 (10) -190 (10)
SDSS J144149.17+360225.8 1382 53115 99 M5.0 DA 20000 8.0 100 (10) 170 (10)
SDSS J144253.26+633216.4 2947 54533 536 M5.5 DA 20000 7.75 -600 (100) 100 (100)
SDSS J144258.47+001031.5 2934 54626 354 M4.5 DB 16000 7.5 -30 (10) -10 (10)
SDSS J144307.84+340523.5 1646 53498 436 M2.0 DA 35000 7.5 80 (10) 80 (10)
SDSS J144600.37+000817.1 2934 54626 473 M5.5 DA 11000 8.0 -50 (20) 0 (0)
SDSS J144600.72+332850.0 1646 53498 177 M2.0 DA 30000 7.75 -10 (10) 20 (10)
SDSS J144631.46+095945.0 1711 53535 35 M7.0 DA 7000 6.5 -10 (10) -60 (10)
SDSS J144655.55+132810.2 2749 54241 46 M4.5 DA 25000 7.75 -10 (10) 120 (10)
SDSS J144656.54+411154.9 1397 53119 394 M6.5 DA 11000 8.25 -10 (10) -10 (10)
SDSS J144801.38+215342.8 2144 53770 209 M3.5 DA 25000 7.5 -30 (10) -20 (10)
SDSS J144821.54+433516.9 1290 52734 323 M0.0 DA 11000 5.0 -490 (10) -200 (10)
SDSS J144846.85+071304.3 1829 53494 605 M0.5 DA 12000 7.5 0 (0) 20 (10)
SDSS J144921.19+352431.0 1383 53116 213 M6.0 DA 14000 7.75 80 (10) 50 (10)
SDSS J145040.50+554321.4 792 52353 311 M6.0 DA 16000 7.5 30 (10) -20 (10)
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SDSS J145051.87+414317.1 1397 53119 524 M5.0 DA 18000 7.75 0 (10) 20 (10)
SDSS J145210.98+184846.6 2790 54555 89 M4.5 DA 13000 7.75 0 (0) 200 (100)
SDSS J145238.12+204511.9 2790 54555 541 M5.0 DB 14000 9.0 290 (10) 600 (200)
SDSS J145248.80+234807.6 2143 54184 60 M4.5 DA 20000 7.75 90 (10) -150 (10)
SDSS J145300.99+005557.1 309 51666 413 M4.5 DA 16000 8.0 -10 (10) -60 (10)
SDSS J145305.77+001048.3 2934 54626 640 M4.0 DA 12000 7.75 -10 (10) 100 (100)
SDSS J145317.72+312345.4 1843 53816 504 M4.5 DA 10000 8.0 -40 (10) -40 (10)
SDSS J145331.70+405844.2 1397 53119 557 M6.5 DA 18000 7.75 -110 (10) 40 (10)
SDSS J145430.03+203902.6 2790 54555 627 M5.0 DA 20000 7.0 -0 (0) 300 (0)
SDSS J145527.72+611504.8 611 52055 395 M5.5 DA 10000 8.0 -30 (10) -40 (10)
SDSS J145530.63+170317.8 2764 54535 445 M4.5 DA 16000 8.0 -10 (10) 10 (10)
SDSS J145545.67+341809.6 1384 53121 283 M2.0 DA 30000 9.0 20 (10) 300 (300)
SDSS J145611.69+592138.4 608 52081 37 M1.0 DA 16000 7.5 -0 (10) 40 (10)
SDSS J145632.77+482446.2 1048 52736 557 M3.5 DA 30000 8.0 -30 (10) -20 (10)
SDSS J145634.31+161137.8 2764 54535 516 M4.5 DA 20000 7.5 -100 (0) 100 (10)
SDSS J145642.72+053101.9 1830 54560 77 M6.5 DA 9000 7.75 200 (0) -50 (10)
SDSS J145722.85−012121.2 3314 54970 183 M4.0 DA 9000 8.25 -60 (10) 50 (10)
SDSS J145814.81+001242.7 310 51990 352 M0.0 DA 11000 8.5 0 (10) 60 (10)
SDSS J145848.23+102725.6 1716 53827 198 M5.5 DA 20000 7.75 70 (10) 80 (10)
SDSS J145933.68+344235.0 1384 53121 165 M3.0 DA 10000 9.0 -540 (10) -40 (10)
SDSS J150019.34+165914.4 2779 54540 320 M3.5 DA 20000 7.0 200 (0) -140 (30)
SDSS J150102.33+150429.7 2765 54535 283 M5.0 DA 14000 7.5 30 (30) 100 (0)
SDSS J150118.41+042232.3 589 52055 416 M3.5 DB 26000 8.0 30 (10) -80 (10)
SDSS J150152.59+443316.7 1676 53147 85 M5.5 DA 20000 8.0 -110 (10) 90 (10)
SDSS J150231.66+011046.0 310 51616 423 M4.0 DA 14000 7.75 150 (10) 130 (10)
SDSS J150232.43+174403.6 2778 54539 39 M4.5 DA 12000 7.75 -50 (10) -0 (0)
SDSS J150315.54+005823.4 310 51616 438 M5.0 DA 20000 8.25 0 (10) 590 (10)
SDSS J150337.22+582945.7 610 52056 156 M6.0 DA 20000 6.5 400 (10) 200 (10)
SDSS J150438.86+321443.5 2935 54652 187 M1.0 DA 40000 7.5 30 (10) 100 (100)
SDSS J150536.86+005144.2 539 52017 42 M4.0 DA 14000 6.5 0 (10) -310 (10)
SDSS J150605.76+265457.5 2154 54539 230 M5.5 DA 14000 7.75 0 (20) 0 (0)
SDSS J150616.92+194937.0 2792 54556 523 M2.0 DA 25000 7.0 -110 (20) -120 (20)
SDSS J150626.49+275924.5 2154 54539 334 M2.0 DA 25000 8.0 -40 (10) 20 (30)
SDSS J150648.12+002716.4 311 51665 345 M2.5 DA 25000 7.5 -30 (10) -320 (10)
SDSS J150657.58−012021.7 922 52426 536 M4.0 DA 16000 8.25 40 (10) -90 (10)
SDSS J150700.50+481136.6 1330 52822 286 M2.5 DA 14000 8.0 -20 (10) -10 (10)
SDSS J150840.52+154231.9 2765 54535 560 M4.5 DA 25000 7.75 -500 (0) 40 (20)
SDSS J150919.21+431343.9 1677 53148 166 M4.5 DA 20000 7.75 -400 (300) 100 (100)
SDSS J150950.76+323826.8 2935 54652 597 M2.5 DA 100000 5.0 -700 (300) 0 (200)
SDSS J150954.40+243449.3 2152 53874 597 M7.0 DA 12000 8.25 50 (10) 50 (10)
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SDSS J151030.32+174733.2 2780 54557 426 M4.0 DA 12000 8.0 0 (0) 100 (100)
SDSS J151042.65+273510.3 2151 54523 616 M7.0 DA 12000 8.0 0 (20) 0 (0)
SDSS J151045.70+404827.1 1291 52735 18 M2.5 DA 9000 8.0 -20 (10) 20 (10)
SDSS J151046.75+022159.2 540 51996 453 M6.5 DA 14000 7.75 -120 (10) 50 (10)
SDSS J151058.76+004112.7 311 51665 461 M5.5 DA 18000 7.75 -130 (10) 180 (10)
SDSS J151212.08+015230.5 540 51996 551 M3.5 DA 11000 7.5 -180 (10) 40 (10)
SDSS J151426.90+285720.5 1845 54144 156 M4.0 DA 25000 7.5 40 (10) 40 (10)
SDSS J151637.62+120701.4 2753 54234 312 M5.5 DA 18000 8.0 80 (10) 190 (10)
SDSS J151646.94+350729.7 1354 52814 343 M4.5 DA 10000 8.25 -60 (10) -0 (10)
SDSS J151714.96+423924.7 1678 53433 440 M3.5 DA 10000 9.0 -70 (10) 50 (10)
SDSS J151744.71+062011.9 2927 54621 135 M3.0 DA 9000 6.5 -10 (10) 100 (300)
SDSS J151752.86+531455.6 794 52376 202 M2.5 DA 30000 7.5 40 (10) -30 (10)
SDSS J151817.97+455334.2 1050 52721 557 M1.0 DA 25000 8.0 10 (10) 300 (10)
SDSS J151852.45+074459.4 2927 54621 504 M4.0 DA 18000 7.5 -40 (10) -100 (100)
SDSS J151921.73+353625.9 1353 53083 24 M6.5 DA 20000 7.75 -10 (10) 20 (10)
SDSS J151923.51+073403.7 2927 54621 512 M1.5 DA 7000 5.0 -90 (10) -130 (20)
SDSS J151941.20+392137.6 2936 54626 277 M7.0 DA 16000 8.0 -0 (100) 100 (0)
SDSS J152002.85+081231.0 2739 54618 571 M4.5 DA 16000 8.0 -30 (10) 120 (30)
SDSS J152022.29+323936.8 1386 53116 44 M5.0 DB 17000 9.0 -10 (10) -60 (10)
SDSS J152033.43+063443.0 2927 54621 74 M4.5 DA 11000 8.5 10 (10) 40 (20)
SDSS J152044.47+402206.2 2936 54626 334 M4.5 DA 18000 7.5 -30 (10) 100 (100)
SDSS J152054.29+610047.1 613 52345 570 M5.0 DB 10000 8.0 20 (10) 0 (10)
SDSS J152116.98+420159.3 1678 53433 163 M1.5 DA 30000 7.5 -50 (10) 290 (10)
SDSS J152121.75+321111.9 1386 53116 4 M6.0 DA 9000 7.5 -50 (10) 10 (10)
SDSS J152155.42+081102.5 2927 54621 601 M5.5 DA 25000 7.5 -0 (100) 30 (30)
SDSS J152244.22+072945.4 2739 54618 625 M4.5 DA 6000 5.5 -40 (10) -120 (10)
SDSS J152245.10+383746.3 1293 52765 296 M7.0 DA 9000 9.0 -0 (0) 0 (100)
SDSS J152340.80+243451.0 2160 53885 130 M2.0 DA 40000 8.5 -30 (10) 240 (10)
SDSS J152341.28+430529.0 1678 53433 616 M4.5 DA 7000 9.0 -60 (10) -100 (10)
SDSS J152344.09+474709.8 1331 52766 477 M4.5 DA 25000 7.75 -100 (100) 400 (200)
SDSS J152354.70+403943.3 2936 54626 460 M5.5 DA 20000 7.75 -40 (10) 0 (100)
SDSS J152359.22+460448.9 1051 52468 450 M7.0 DA 8000 7.75 -160 (10) 50 (10)
SDSS J152416.98+504749.0 2449 54271 408 M1.5 DA 18000 8.25 20 (10) 410 (10)
SDSS J152425.21+504009.8 1166 52751 490 M3.5 DA 25000 8.0 -70 (10) 110 (10)
SDSS J152517.90+362945.3 1400 53470 135 M3.5 DA 18000 7.5 -10 (10) 20 (10)
SDSS J152716.46+242539.0 2163 53823 266 M4.5 DA 18000 7.75 -20 (10) -10 (10)
SDSS J152717.25+002413.4 313 51673 543 M5.0 DA 12000 7.5 -30 (10) 40 (10)
SDSS J152744.11+100722.5 1722 53852 210 M3.0 DA 35000 7.5 30 (10) 10 (10)
SDSS J152804.92+331012.1 1355 52823 290 M5.5 DA 14000 7.0 190 (10) -150 (10)
SDSS J152821.46+344314.9 1354 52814 73 M4.0 DA 25000 8.0 30 (10) -30 (10)
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SDSS J152852.32+492054.7 2464 54272 149 M4.5 DA 10000 8.5 20 (10) 30 (10)
SDSS J152930.91+032754.0 592 52025 15 M3.0 DA 8000 9.0 -50 (10) 0 (10)
SDSS J152933.26+002031.3 363 51989 350 M4.0 DA 18000 7.75 -180 (10) 100 (10)
SDSS J152952.54+550954.3 614 53437 151 M5.5 DA 12000 8.0 -80 (10) 60 (10)
SDSS J153009.50+384439.8 2936 54626 13 M2.0 DA 25000 9.0 -10 (10) 500 (200)
SDSS J153041.18−012008.2 925 52411 437 M2.0 DB 13000 9.0 -110 (10) 620 (10)
SDSS J153113.99+250318.1 2163 53823 427 M5.5 DA 9000 8.0 100 (10) -50 (10)
SDSS J153140.82+112525.6 2754 54240 213 M5.0 DA 16000 8.25 -60 (10) -70 (10)
SDSS J153202.92+270520.0 1848 54180 191 M7.0 DA 11000 8.25 -30 (10) 90 (10)
SDSS J153257.77+083454.5 1723 53905 500 M2.0 DA 14000 8.0 -120 (30) 0 (100)
SDSS J153314.27+274408.0 1848 54180 553 M6.5 DA 10000 8.25 60 (10) -30 (10)
SDSS J153329.88+033301.7 593 52026 488 M1.0 DA 18000 8.25 -30 (10) 80 (10)
SDSS J153404.31+412026.1 1679 53149 515 M3.0 DA 35000 7.5 -120 (10) -130 (10)
SDSS J153421.88+391550.0 1293 52765 622 M4.5 DA 10000 9.0 -30 (10) -20 (10)
SDSS J153517.55+115558.2 2754 54240 558 M4.5 DA 14000 7.5 -30 (10) -30 (10)
SDSS J153531.41+144113.1 2768 54265 537 M2.0 DB 30000 8.0 -50 (10) 60 (10)
SDSS J153642.56+210747.5 2166 54232 266 M1.0 DA 30000 8.0 -60 (10) 30 (10)
SDSS J153648.31+010249.1 2955 54562 286 M6.5 DA 11000 6.5 -0 (100) 200 (100)
SDSS J153851.82+380741.6 1294 52753 553 M6.5 DA 12000 8.5 50 (10) 20 (10)
SDSS J153914.69+263710.8 1849 53846 362 M4.5 DA 16000 7.5 -120 (10) 170 (10)
SDSS J153924.25+013537.3 2955 54562 232 M6.0 DA 9000 8.0 140 (10) 0 (100)
SDSS J153934.63+092221.6 1725 54266 233 M5.5 DA 18000 8.0 -140 (10) 190 (10)
SDSS J154005.74+121937.7 2516 54241 415 M1.5 DA 30000 7.75 20 (10) 10 (10)
SDSS J154108.23+171433.9 2795 54563 542 M2.0 DA 100000 9.0 -0 (200) 500 (100)
SDSS J154124.61+331409.7 1581 53149 457 M7.0 DA 16000 7.75 -500 (300) -0 (100)
SDSS J154136.48+271635.5 1849 53846 526 M4.5 DA 10000 8.0 80 (10) 30 (10)
SDSS J154140.50+222710.1 2169 53556 299 M4.5 DA 10000 7.75 -30 (10) 40 (10)
SDSS J154156.56+161511.5 2795 54563 29 M5.0 DA 18000 7.75 -0 (30) 20 (20)
SDSS J154219.45+032311.0 594 52045 418 M3.0 DA 11000 8.25 -30 (10) 50 (10)
SDSS J154221.86+553957.3 617 52072 206 M3.0 DA 100000 7.75 100 (10) 0 (10)
SDSS J154234.59+354757.1 1402 52872 567 M5.0 DB 12000 9.0 -60 (10) 0 (10)
SDSS J154344.06+060135.1 1821 53167 171 M5.0 DA 10000 7.75 -170 (10) 50 (10)
SDSS J154349.32+145418.4 2517 54567 444 M3.0 DA 18000 7.75 40 (10) 400 (200)
SDSS J154443.99+012933.4 2955 54562 594 M1.5 DA 35000 7.5 0 (10) 300 (100)
SDSS J154452.48−005731.1 926 52413 568 M0.0 DB 13000 9.0 -50 (10) 0 (10)
SDSS J154543.32+330708.4 1581 53149 600 M0.5 DA 35000 9.0 40 (10) 600 (10)
SDSS J154605.14+124713.9 2517 54567 4 M1.5 DA 30000 7.5 -40 (30) -0 (100)
SDSS J154605.27+370854.3 1416 52875 458 M3.0 DA 10000 8.0 -10 (10) 120 (10)
SDSS J154609.98+200320.7 2168 53886 188 M1.5 DA 30000 9.0 10 (10) 660 (10)
SDSS J154652.15+492216.1 796 52401 78 M6.0 DA 10000 9.0 40 (10) -100 (10)
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SDSS J154656.31+214201.5 2169 53556 98 M5.0 DA 11000 8.0 20 (10) 140 (10)
SDSS J154706.72+301301.2 1390 53142 380 M3.0 DA 20000 7.75 70 (10) 150 (10)
SDSS J154811.65+312840.2 1580 53145 195 M5.0 DA 30000 7.75 20 (10) 420 (10)
SDSS J154843.80+372749.8 1681 53172 306 M7.0 DA 8000 7.75 -120 (10) -40 (10)
SDSS J154846.00+405728.9 1053 52468 95 M7.0 DA 12000 8.25 -190 (10) 50 (10)
SDSS J154928.56+385419.4 1680 53171 24 M2.0 DA 12000 7.5 -0 (10) 40 (10)
SDSS J154959.56+534911.5 618 52049 390 M1.0 DA 25000 7.5 -40 (10) 50 (10)
SDSS J155040.54+052150.3 2950 54559 611 M4.5 DA 12000 8.0 -30 (10) 100 (0)
SDSS J155135.79+341440.2 1403 53227 599 M2.0 DA 35000 8.25 70 (10) 240 (10)
SDSS J155205.60+433825.9 1334 52764 436 M3.0 DA 35000 7.5 -40 (10) -40 (10)
SDSS J155332.87+045735.2 1822 53172 262 M3.0 DA 11000 8.5 0 (10) -10 (10)
SDSS J155502.00+244422.1 1850 53786 97 M2.5 DA 20000 6.0 60 (10) -0 (10)
SDSS J155521.15+411650.2 1054 52516 529 M4.5 DA 30000 7.75 0 (10) 70 (10)
SDSS J155540.00+271553.8 2474 54564 572 M4.0 DB 14000 9.0 30 (10) 0 (200)
SDSS J155554.25+545417.4 619 52056 475 M2.0 DA 30000 7.75 60 (10) 110 (10)
SDSS J155615.54+264607.0 2474 54333 514 M4.0 DA 18000 8.0 -600 (300) 0 (200)
SDSS J155712.06+151534.3 2521 54538 471 M2.0 DA 40000 8.25 30 (10) 200 (0)
SDSS J155714.75+395921.8 1054 52516 142 M3.5 DA 70000 5.0 10 (10) -570 (10)
SDSS J155720.69+144217.7 2521 54538 170 M5.5 DA 12000 7.5 10 (10) 40 (20)
SDSS J155735.37+155817.2 2521 54538 529 M2.0 DA 50000 7.75 0 (100) -0 (0)
SDSS J155742.68+362820.6 1682 53173 342 M5.5 DA 13000 8.0 -40 (10) 260 (10)
SDSS J155808.50+264225.8 2474 54333 598 M5.0 DA 10000 9.0 -110 (10) 500 (100)
SDSS J155833.64+300729.0 1579 53473 73 M3.5 DA 60000 8.5 -620 (10) 470 (10)
SDSS J155839.64+082720.1 1728 53228 212 M0.5 DA 40000 7.0 -30 (10) 540 (10)
SDSS J155853.22+023138.3 595 52023 136 M3.5 DA 16000 7.75 30 (10) 10 (10)
SDSS J160059.83+362609.9 1682 53173 429 M5.0 DA 25000 7.75 10 (10) 60 (10)
SDSS J160117.73+363242.7 1682 53173 461 M7.5 DA 7000 6.0 -90 (10) -120 (10)
SDSS J160125.59+341402.3 1418 53142 466 M4.0 DA 20000 7.75 150 (10) 0 (10)
SDSS J160132.22+063901.7 1729 53858 228 M2.5 DA 10000 9.0 -30 (10) -20 (10)
SDSS J160134.59+113954.5 2523 54572 580 M3.0 DA 20000 7.5 50 (10) -0 (0)
SDSS J160136.70+050527.9 1837 53494 431 M1.5 DB 14000 9.0 20 (10) 100 (10)
SDSS J160224.06+111252.1 2525 54569 301 M4.0 DA 18000 7.75 0 (0) 20 (10)
SDSS J160333.18+541158.0 619 52056 6 M1.5 DA 16000 7.75 -30 (10) 20 (10)
SDSS J160341.13+074946.7 1728 53228 36 M2.0 DA 20000 5.0 -550 (10) 620 (10)
SDSS J160349.68+084935.8 1728 53228 526 M1.5 DB 12000 9.0 -100 (0) 0 (200)
SDSS J160434.05+075916.4 1728 53228 50 M6.5 DB 10000 9.0 50 (10) 0 (10)
SDSS J160540.17+461045.8 813 52354 130 M0.5 DA 30000 8.0 -60 (10) 130 (10)
SDSS J160611.51+091502.4 2526 54582 290 M2.5 DA 12000 7.5 -0 (10) 0 (0)
SDSS J160635.90+233143.9 1851 53524 25 M2.0 DA 30000 8.0 -0 (10) -460 (10)
SDSS J160645.02+284726.0 1578 53496 104 M4.0 DA 16000 8.0 100 (10) -100 (10)
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SDSS J160655.28+424526.4 1170 52756 219 M3.0 DA 35000 7.75 -50 (10) 80 (10)
SDSS J160659.76+421708.5 1170 52756 306 M4.0 DA 35000 8.5 10 (10) -40 (10)
SDSS J160821.48+085149.9 1730 53498 404 M6.0 DA 10000 8.25 -160 (10) 30 (10)
SDSS J160824.57+285524.9 1578 53496 72 M4.5 DA 11000 8.5 -130 (10) 180 (10)
SDSS J160900.11+225934.1 1852 53534 510 M3.5 DB 13000 7.5 -60 (10) 30 (10)
SDSS J160915.97+273559.5 1577 53495 252 M5.0 DA 10000 8.5 20 (10) 180 (10)
SDSS J161033.87+491536.7 622 52054 466 M3.5 DA 30000 7.5 -40 (10) 30 (10)
SDSS J161104.06+163947.7 2188 54595 393 M3.0 DA 25000 8.0 -600 (200) -0 (0)
SDSS J161111.21+280901.2 1577 53495 475 M2.5 DA 9000 7.0 40 (10) -170 (10)
SDSS J161113.14+464044.3 813 52354 30 M6.0 DA 10000 7.75 -270 (10) 80 (10)
SDSS J161131.70+001018.1 345 51690 555 M0.5 DA 40000 7.0 -30 (10) 190 (10)
SDSS J161145.89+010327.8 345 51690 565 M6.0 DA 10000 7.75 -60 (10) 30 (10)
SDSS J161230.67+301718.7 3459 55007 303 M3.5 DA 13000 7.5 -30 (10) -100 (100)
SDSS J161234.35+155812.0 2198 53918 357 M2.5 DA 25000 7.5 -100 (10) 30 (10)
SDSS J161239.06+455132.2 814 52443 401 M4.0 DA 12000 8.25 120 (10) -50 (10)
SDSS J161315.11+245135.7 1575 53493 269 M2.5 DA 6000 7.0 -10 (10) -60 (10)
SDSS J161320.58+195827.7 2205 53793 14 M5.5 DA 12000 7.75 -10 (10) 20 (10)
SDSS J161338.34+112740.1 2528 54571 473 M1.5 DA 9000 6.5 -30 (10) 120 (20)
SDSS J161352.75+363356.1 1056 52764 170 M1.0 DA 7000 6.5 -80 (10) -320 (10)
SDSS J161505.51+235746.4 1657 53520 515 M4.0 DA 12000 8.0 -120 (10) -60 (10)
SDSS J161528.31+051012.8 1731 53884 129 M5.0 DA 12000 7.5 190 (10) 270 (10)
SDSS J161551.60+454048.6 3428 54979 582 M5.5 DA 10000 8.25 -60 (10) -0 (0)
SDSS J161631.18+050936.2 3298 54924 97 M1.5 DA 6000 5.0 70 (10) 60 (30)
SDSS J161655.78+175522.9 2968 54585 65 M5.0 DB 17000 8.0 -50 (10) -30 (30)
SDSS J161658.23+171356.0 2201 53904 522 M4.5 DA 11000 9.0 -20 (10) 10 (10)
SDSS J161715.27+081849.0 1732 53501 329 M1.0 DA 10000 5.5 -110 (10) 0 (10)
SDSS J161809.70+490659.5 2884 54526 123 M4.0 DA 16000 7.5 -100 (20) 200 (100)
SDSS J161821.45+184832.6 2968 54585 629 M6.0 DA 10000 8.5 10 (10) 200 (100)
SDSS J161931.75+005731.0 346 51693 576 M5.0 DA 9000 7.5 -70 (10) -90 (10)
SDSS J162028.93+630446.8 2560 54205 393 M3.5 DA 25000 7.0 70 (10) -30 (10)
SDSS J162051.71+343815.4 1057 52522 195 M3.5 DA 8000 7.5 0 (10) -210 (10)
SDSS J162209.33+500752.5 2884 54526 76 M0.5 DA 30000 8.0 20 (10) 600 (0)
SDSS J162324.06+343647.7 1057 52522 150 M9.5 DA 8000 9.0 -30 (10) -10 (10)
SDSS J162329.51+355427.2 1057 52522 613 M3.0 DB 17000 8.5 -30 (10) 70 (10)
SDSS J162351.64+403211.3 1172 52759 378 M5.5 DA 60000 8.0 0 (200) -100 (100)
SDSS J162354.46+630640.4 2560 54205 474 M4.0 DA 9000 8.25 -10 (10) 30 (10)
SDSS J162408.06+364858.5 1338 52765 333 M3.0 DA 25000 7.75 -10 (10) 90 (10)
SDSS J162425.20−010902.0 364 52000 206 M3.0 DA 16000 8.0 -20 (10) 170 (10)
SDSS J162431.67−002248.3 364 52000 181 M3.0 DA 20000 8.0 -10 (10) 40 (10)
SDSS J162444.42+120825.8 2530 53881 151 M4.5 DA 20000 8.0 -0 (200) 100 (100)
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SDSS J162449.00+321702.0 1684 53239 81 M1.5 DA 100000 8.5 0 (10) 80 (10)
SDSS J162517.58+140134.6 2202 53566 147 M4.5 DA 16000 5.0 -80 (10) 0 (10)
SDSS J162520.30+120308.8 2531 54572 446 M6.0 DB 10000 8.5 100 (100) 0 (100)
SDSS J162552.91+640024.9 2560 54205 406 M7.0 DA 9000 8.5 20 (10) -20 (10)
SDSS J162648.56+232604.0 1573 53226 90 M2.5 DA 50000 8.0 20 (10) 160 (10)
SDSS J162652.19+141522.5 2202 53566 559 M2.0 DA 12000 8.0 -10 (10) 160 (10)
SDSS J162700.31+161317.1 2208 53880 504 M6.0 DA 7000 8.5 -10 (10) 0 (10)
SDSS J162702.51+252235.9 1573 53226 411 M1.5 DA 60000 7.5 30 (10) 100 (10)
SDSS J162800.64+290058.7 1421 53149 153 M3.0 DA 18000 7.75 40 (10) -30 (10)
SDSS J162823.64+244159.7 1574 53476 37 M1.0 DA 30000 7.75 -0 (10) 240 (10)
SDSS J163008.85+130238.8 2203 53915 238 M5.5 DA 9000 5.0 90 (10) 90 (10)
SDSS J163014.51+125214.1 2203 53915 198 M3.0 DA 30000 7.75 -100 (10) 90 (10)
SDSS J163022.96+632730.0 2560 54205 507 M4.0 DA 8000 8.5 -50 (10) 470 (10)
SDSS J163223.55+632801.7 2560 54205 547 M4.5 DA 16000 7.75 -20 (10) -30 (10)
SDSS J163459.43+311235.6 1340 52781 248 M2.5 DA 20000 7.75 -0 (10) 240 (10)
SDSS J163544.75+620156.3 2560 54205 57 M4.0 DA 18000 7.75 -10 (10) -20 (10)
SDSS J163708.04+474600.0 627 52144 589 M5.5 DA 16000 7.75 0 (0) -0 (20)
SDSS J163721.88+312918.2 1341 52786 304 M7.0 DA 11000 8.25 40 (10) -170 (10)
SDSS J163725.76+251027.4 1409 52824 18 M3.5 DA 20000 8.25 10 (10) 260 (10)
SDSS J163806.19+363557.6 2185 53532 400 M2.5 DA 25000 7.5 20 (10) -90 (10)
SDSS J163824.78+292701.2 1686 53472 416 M5.0 DA 18000 7.0 30 (10) -210 (10)
SDSS J163831.67+292236.9 1686 53472 414 M4.0 DA 20000 7.5 -20 (10) -40 (10)
SDSS J164129.10+210610.3 1569 53168 347 M4.0 DA 12000 8.0 -530 (10) 160 (10)
SDSS J164131.77+212727.2 1570 53149 178 M2.5 DA 20000 7.75 -60 (10) 730 (10)
SDSS J164205.84+382218.2 818 52395 446 M4.0 DA 40000 7.75 -30 (10) 70 (10)
SDSS J164447.29+422851.6 628 52083 596 M4.5 DA 12000 7.0 -100 (10) 100 (10)
SDSS J164612.53+232408.8 1414 53135 144 M4.0 DA 10000 9.0 -40 (10) 40 (10)
SDSS J164615.60+422349.3 628 52083 629 M5.5 DA 18000 8.0 -100 (10) 40 (10)
SDSS J164746.27+131923.4 2817 54627 334 M2.5 DA 30000 7.5 -90 (10) 30 (20)
SDSS J164750.42+250144.7 1414 53135 529 M4.5 DA 14000 8.0 -50 (10) 100 (10)
SDSS J164812.36+281123.2 1691 53260 328 M4.5 DA 11000 6.5 240 (10) 450 (10)
SDSS J164906.34+385833.4 630 52050 132 M1.0 DA 30000 8.5 -20 (10) 210 (10)
SDSS J165005.16+390426.3 630 52050 83 M4.0 DA 35000 8.0 -90 (10) -20 (10)
SDSS J165149.80+295600.7 1342 52793 590 M4.5 DA 50000 8.0 30 (10) 140 (10)
SDSS J165240.75+134015.1 2817 54627 450 M3.0 DA 10000 7.0 50 (10) -0 (100)
SDSS J165343.40+630549.3 349 51699 229 M4.5 DA 9000 6.0 -20 (10) -30 (10)
SDSS J165447.76+131651.3 2817 54627 568 M4.5 DA 16000 7.75 -50 (10) -30 (30)
SDSS J165459.28+131024.9 2817 54627 578 M2.0 DA 16000 7.75 40 (10) 100 (100)
SDSS J165545.08+184849.3 1568 53169 9 M4.5 DA 9000 7.5 0 (10) 460 (10)
SDSS J165717.36+131032.3 2817 54627 615 M2.0 DA 11000 8.0 20 (10) 100 (100)
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SDSS J165802.33+391611.1 2192 54232 225 M5.0 DA 10000 8.5 -20 (10) 40 (10)
SDSS J165932.19+422708.4 3291 54939 619 M1.5 DA 8000 5.0 -500 (200) -100 (30)
SDSS J165937.16+272339.1 2829 54623 251 M3.0 DA 12000 7.75 -30 (10) 200 (100)
SDSS J170106.10+342533.5 974 52427 396 M7.0 DA 8000 9.0 60 (10) 20 (10)
SDSS J170112.29+193819.1 1425 52913 299 M2.5 DA 8000 9.0 70 (10) -90 (10)
SDSS J170127.37+253302.7 1692 53473 31 M3.5 DA 20000 8.0 -20 (10) 30 (10)
SDSS J170357.74+401500.5 2192 54232 594 M3.5 DA 6000 9.0 90 (10) 620 (10)
SDSS J170459.71+384433.0 633 52079 65 M3.5 DA 20000 7.75 -10 (10) 40 (10)
SDSS J170509.66+210904.4 1425 52913 510 M5.0 DA 30000 7.75 -0 (10) 30 (10)
SDSS J170528.73+195348.0 1425 52913 53 M1.0 DA 100000 8.5 0 (10) 0 (10)
SDSS J170546.61+274028.4 2829 54623 60 M4.5 DA 18000 8.0 -500 (300) -40 (20)
SDSS J170618.17+230838.6 1688 53462 169 M7.5 DA 10000 8.0 40 (10) 50 (10)
SDSS J170624.94+232815.4 1687 53260 114 M6.0 DA 9000 8.5 -30 (10) 20 (10)
SDSS J170659.07+214211.7 1689 53177 228 M4.5 DA 14000 7.5 -110 (10) 60 (10)
SDSS J170729.69+225721.9 1688 53462 159 M3.0 DA 18000 7.75 -10 (10) -100 (10)
SDSS J170947.13+293111.8 977 52410 388 M5.0 DA 11000 8.25 -10 (10) 170 (10)
SDSS J171133.07+623314.9 351 51695 602 M0.0 DA 9000 9.0 0 (10) 300 (10)
SDSS J171145.43+555444.5 357 51813 341 M4.5 DA 35000 7.75 -90 (10) -100 (10)
SDSS J171301.84+625135.9 352 51789 229 M3.5 DA 10000 8.5 -30 (10) 180 (10)
SDSS J171411.14+294508.2 977 52410 533 M4.0 DA 20000 7.75 0 (300) 100 (200)
SDSS J171435.75+272539.8 979 52427 347 M0.5 DA 30000 7.0 -60 (10) 40 (10)
SDSS J171611.13+544346.4 367 51997 288 M3.0 DA 20000 7.5 -40 (10) -30 (10)
SDSS J171707.20+594550.1 353 51703 586 M3.0 DA 25000 7.75 -660 (10) 40 (10)
SDSS J171810.16+610114.0 354 51792 427 M6.0 DA 11000 7.5 -60 (10) 90 (10)
SDSS J171955.23+625106.8 352 51694 163 M5.5 DA 16000 7.75 -40 (10) -80 (10)
SDSS J172008.59+565211.8 357 51813 443 M3.5 DA 20000 8.0 -90 (10) 490 (10)
SDSS J172043.87+560109.3 367 51997 464 M2.0 DA 30000 7.5 -10 (10) 300 (10)
SDSS J172045.09+635031.8 350 51691 7 M7.0 DA 14000 7.75 -110 (10) 30 (10)
SDSS J172211.69+281538.8 979 52427 567 M3.5 DA 40000 7.5 -0 (100) -80 (20)
SDSS J172234.54+321238.8 2974 54592 599 M6.0 DA 16000 7.75 -50 (20) -20 (30)
SDSS J172406.14+562003.1 357 51813 579 M3.5 DA 40000 7.0 70 (10) -130 (10)
SDSS J172433.70+623410.0 352 51789 45 M4.0 DA 30000 7.5 -110 (10) -170 (10)
SDSS J172439.06+551600.1 367 51997 152 M3.0 DA 10000 8.5 -10 (10) 410 (10)
SDSS J172441.80+593103.3 354 51792 124 M6.0 DA 10000 8.5 0 (10) 30 (10)
SDSS J172445.29+073324.7 2818 54616 310 M4.5 DA 12000 7.5 60 (10) 200 (200)
SDSS J172601.55+560527.1 357 51813 547 M2.5 DA 25000 7.75 -10 (10) 110 (10)
SDSS J172623.28+273500.9 2193 53888 507 M4.0 DB 13000 9.0 10 (10) 10 (10)
SDSS J172715.57+542938.2 359 51821 523 M3.0 DA 14000 7.75 -10 (10) 470 (10)
SDSS J172744.58+585415.4 366 52017 511 M1.0 DA 35000 8.0 -170 (10) -100 (10)
SDSS J172831.84+620426.5 352 51694 7 M2.5 DA 20000 8.0 -40 (10) 190 (10)
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SDSS J173014.31+452642.3 2820 54599 370 M4.0 DA 18000 7.75 90 (30) 10 (30)
SDSS J173101.49+623316.0 352 51789 5 M5.5 DA 18000 7.5 50 (10) -190 (10)
SDSS J173104.53+070345.0 2797 54616 92 M4.0 DA 14000 7.75 0 (10) 200 (100)
SDSS J173313.10+642739.5 2561 54597 517 M1.5 DA 25000 7.75 -40 (20) 500 (100)
SDSS J173338.91+634110.7 2561 54597 159 M3.0 DA 25000 7.75 -10 (10) 200 (200)
SDSS J173430.11+335407.5 2262 54623 578 M5.5 DA 7000 7.0 20 (10) 100 (200)
SDSS J173444.93+335629.6 2262 54623 580 M3.0 DA 35000 7.0 100 (100) 0 (100)
SDSS J173727.27+540352.2 360 51816 165 M3.5 DA 16000 7.75 -590 (10) 40 (10)
SDSS J173734.42+561224.9 358 51818 109 M1.0 DA 25000 7.5 -540 (10) -200 (10)
SDSS J173849.76+635042.1 2561 54597 72 M3.0 DA 12000 7.75 -40 (20) 400 (100)
SDSS J174214.72+541845.5 360 51816 115 M1.0 DA 18000 7.5 0 (200) 0 (200)
SDSS J174439.20+244258.5 2194 53904 214 M2.5 DA 25000 8.25 -40 (10) 110 (10)
SDSS J174833.40+243139.6 2194 53904 44 M4.5 DA 25000 7.75 -30 (10) 30 (10)
SDSS J183329.19+643151.7 2552 54632 481 M2.5 DA 40000 7.5 -0 (10) 200 (200)
SDSS J183337.46+404027.3 2819 54617 294 M4.5 DA 40000 7.75 -0 (20) -100 (0)
SDSS J183453.08+413757.7 2798 54397 466 M4.0 DA 10000 8.5 -10 (10) 20 (20)
SDSS J183816.49+403055.1 2819 54617 124 M5.0 DA 11000 8.5 -10 (10) 300 (200)
SDSS J184436.94+410816.2 2819 54617 35 M3.0 DA 20000 8.0 -70 (10) 300 (200)
SDSS J185256.00+183812.4 2833 54650 155 M2.0 DA 40000 8.5 -20 (10) 600 (200)
SDSS J185808.92+192742.2 2833 54650 581 M0.5 DA 9000 7.0 -500 (200) -100 (100)
SDSS J190739.80+785254.6 1858 53271 398 M8.0 DA 10000 9.0 -570 (10) 30 (10)
SDSS J191911.34+370319.0 2800 54326 257 M3.5 DA 16000 7.75 -20 (10) 30 (10)
SDSS J191916.88+621432.9 2563 54653 268 M4.0 DA 7000 7.0 -130 (10) 0 (200)
SDSS J192306.01+620310.7 2563 54653 189 M1.5 DA 25000 8.5 10 (10) 600 (300)
SDSS J192357.24+374835.4 2821 54393 517 M4.5 DA 18000 7.75 0 (0) 30 (20)
SDSS J194849.45+771640.9 1661 53240 355 M6.5 DA 14000 7.75 -580 (10) -60 (10)
SDSS J200615.67+781917.4 1661 53240 411 M5.0 DA 12000 7.75 -100 (10) 80 (10)
SDSS J201239.32+601710.3 2564 54275 499 M6.5 DA 100000 6.0 -10 (10) 60 (10)
SDSS J201339.87−130856.6 3138 54740 95 M5.0 DB 19000 7.5 20 (10) -0 (100)
SDSS J202309.01+142422.9 2257 53612 333 M2.5 DA 16000 7.75 -110 (10) 30 (10)
SDSS J203153.90+140602.7 2258 54328 294 M3.5 DA 35000 7.5 100 (0) 100 (100)
SDSS J203233.81+151535.7 2258 54328 342 M2.5 DA 16000 8.0 -0 (0) 500 (100)
SDSS J203512.62+145640.1 2258 54328 471 M2.5 DA 40000 8.5 -100 (0) 0 (0)
SDSS J203954.88+771700.6 1661 53240 628 M3.5 DA 25000 9.0 130 (10) 530 (10)
SDSS J204001.99−003132.9 1021 52460 162 M5.0 DA 8000 5.0 -40 (10) -190 (10)
SDSS J204054.19−011107.3 981 52435 198 M4.0 DA 25000 8.25 60 (10) 260 (10)
SDSS J204117.50−062847.1 634 52164 47 M1.0 DA 40000 8.0 -40 (20) 300 (100)
SDSS J204431.44−061440.2 1916 53269 166 M1.0 DA 25000 7.5 -30 (10) 10 (10)
SDSS J204433.16+160250.2 2259 53565 395 M3.5 DA 18000 7.5 40 (10) 60 (10)
SDSS J204541.91−050925.7 635 52145 439 M3.5 DA 30000 7.75 110 (10) 60 (10)
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SDSS J204713.68+002203.8 982 52466 464 M1.5 DB 11000 9.0 0 (10) 280 (10)
SDSS J204720.07−003221.8 982 52466 143 M3.5 DA 6000 9.0 0 (10) -170 (10)
SDSS J204729.04−064536.7 1917 53557 81 M2.5 DA 10000 8.5 -30 (10) -90 (10)
SDSS J204746.17+000659.3 1116 52932 496 M7.0 DA 10000 7.75 -40 (10) 90 (10)
SDSS J204805.53+161540.8 2259 53565 465 M4.0 DA 11000 8.25 -10 (10) -0 (10)
SDSS J204938.36−054423.7 635 52145 539 M4.0 DA 25000 7.5 20 (10) 80 (10)
SDSS J205059.37−000254.3 982 52466 567 M4.5 DA 18000 7.75 20 (10) 70 (10)
SDSS J205316.52−010616.6 1023 52797 122 M3.0 DA 10000 7.0 -70 (10) 180 (10)
SDSS J205721.30+004226.2 983 52443 611 M0.5 DB 12000 8.5 -40 (10) 640 (10)
SDSS J205730.72−005346.3 1024 52826 243 M5.0 DA 6000 9.0 -50 (10) 0 (10)
SDSS J205732.78+010617.3 1023 52797 604 M0.5 DA 25000 5.0 20 (10) -70 (10)
SDSS J205857.10−075440.6 636 52176 592 M5.0 DA 18000 7.5 -120 (10) -40 (10)
SDSS J210426.92+101813.8 727 52207 473 M0.0 DA 25000 8.5 -480 (10) -0 (10)
SDSS J210539.65−055414.6 637 52174 592 M4.5 DA 16000 8.0 -90 (10) -30 (10)
SDSS J210616.52−062743.3 638 52081 398 M4.0 DA 18000 5.5 -0 (10) -60 (10)
SDSS J210624.12+004030.3 1919 53240 416 M0.0 DA 16000 7.75 -670 (10) 40 (10)
SDSS J210702.30−064757.6 637 52174 18 M2.5 DA 40000 7.5 -40 (10) -30 (10)
SDSS J211043.24+093756.9 728 52520 234 M4.5 DA 30000 8.0 10 (10) -40 (10)
SDSS J211105.16+004041.7 1523 52937 335 M4.0 DA 18000 8.25 -10 (10) 100 (10)
SDSS J211132.77+011522.2 1026 52558 327 M2.5 DA 11000 7.75 -40 (10) 110 (10)
SDSS J211205.31+101428.0 728 52520 171 M5.5 DA 18000 8.25 200 (10) 260 (10)
SDSS J211428.42−010357.2 1523 52937 124 M3.5 DA 25000 7.75 -100 (10) 120 (10)
SDSS J211749.52−080020.6 639 52146 217 M4.5 DA 25000 8.0 -530 (10) 180 (10)
SDSS J211820.21+010225.1 986 52443 629 M5.0 DA 12000 7.75 -120 (10) -100 (10)
SDSS J212051.93−005827.3 987 52523 229 M4.5 DA 16000 8.0 20 (10) -30 (10)
SDSS J212131.55−055618.1 639 52146 605 M7.0 DA 10000 9.0 -720 (10) 50 (10)
SDSS J212306.35−081127.1 2305 54414 82 M7.0 DA 20000 7.75 -20 (20) 10 (20)
SDSS J212320.74+002455.5 987 52523 484 M5.5 DA 14000 7.0 170 (10) -60 (10)
SDSS J212738.08+101822.7 1962 53321 211 M8.0 DB 17000 8.0 -480 (10) 10 (10)
SDSS J212949.07+114613.9 1962 53321 491 M4.0 DA 14000 8.25 30 (10) 440 (10)
SDSS J213136.72+002947.6 1521 52945 547 M4.5 DB 16000 7.5 0 (10) 50 (10)
SDSS J213218.12+003158.8 989 52468 350 M4.0 DA 16000 7.5 100 (10) 10 (10)
SDSS J213225.97+001430.6 1963 54331 467 M4.0 DA 18000 8.0 -100 (10) 200 (100)
SDSS J213400.17+122318.1 1962 53321 601 M2.5 DA 20000 7.75 -700 (200) 0 (0)
SDSS J213524.08−002813.0 1963 54331 73 M3.0 DA 18000 8.0 -40 (10) 400 (200)
SDSS J213618.93+114052.2 732 52221 334 M0.5 DA 40000 6.0 -60 (10) 340 (10)
SDSS J213945.21+102904.7 732 52221 276 M4.0 DA 10000 8.0 30 (10) 60 (10)
SDSS J214447.52+004201.6 1108 53227 505 M7.5 DA 8000 9.0 100 (100) 100 (0)
SDSS J214536.28−003544.2 1108 53227 64 M2.5 DA 25000 7.5 80 (10) 150 (10)
SDSS J214720.96+130227.4 733 52207 325 M3.0 DA 18000 6.5 -20 (10) -20 (10)
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SDSS J215232.22+001447.4 371 52078 518 M4.5 DA 14000 8.0 40 (10) 30 (10)
SDSS J220031.65−071507.6 716 52203 618 M6.0 DA 9000 7.75 -110 (10) -30 (10)
SDSS J220252.62+000833.3 373 51788 352 M3.0 DA 6000 6.0 20 (10) 590 (10)
SDSS J220313.30+113236.1 734 52224 3 M4.0 DB 24000 7.5 -550 (10) 80 (10)
SDSS J220338.61−001750.8 372 52173 34 M1.5 DA 30000 7.5 -10 (10) -100 (10)
SDSS J220436.50−002313.7 1106 52912 31 M3.0 DB 16000 7.0 0 (10) 480 (10)
SDSS J220604.81+004635.4 373 51788 415 M6.0 DA 16000 8.0 -590 (10) 20 (10)
SDSS J220653.43−005812.6 373 51788 124 M0.5 DA 16000 8.25 -70 (10) 290 (10)
SDSS J220705.42−002109.7 373 51788 180 M3.5 DA 16000 7.75 -240 (10) 360 (10)
SDSS J220849.00+122144.7 735 52519 170 M0.0 DA 100000 9.0 10 (10) 640 (10)
SDSS J220946.59−001011.0 374 51791 262 M0.5 DA 40000 7.75 -20 (10) 0 (10)
SDSS J221343.65+072221.4 2308 54379 561 M3.0 DB 14000 7.0 20 (10) -100 (0)
SDSS J221410.59−002754.5 374 51791 183 M3.0 DA 8000 7.75 -10 (10) -70 (10)
SDSS J221452.24−075045.1 2309 54441 615 M3.0 DA 35000 9.0 -20 (10) 400 (200)
SDSS J221459.73−082020.1 2309 54441 599 M2.5 DA 25000 7.75 30 (10) 400 (200)
SDSS J221603.30+124601.1 736 52221 178 M5.5 DB 10000 8.5 -30 (10) 450 (10)
SDSS J221616.59+010205.7 1104 52912 578 M5.5 DA 14000 7.5 90 (10) -30 (10)
SDSS J221714.49+004601.3 374 51791 564 M4.5 DA 12000 8.25 30 (10) 100 (10)
SDSS J222108.46+002927.7 1143 52592 462 M3.0 DA 18000 8.0 0 (0) 100 (0)
SDSS J222130.45+001801.8 1103 52873 467 M8.0 DA 8000 9.0 -540 (10) 0 (10)
SDSS J222312.95+124424.4 737 52518 190 M3.5 DA 25000 7.75 -60 (10) 30 (10)
SDSS J222505.97−005505.4 1143 52592 44 M2.5 DA 20000 7.5 -110 (20) 500 (300)
SDSS J222533.70+131655.3 737 52518 512 M3.0 DA 18000 7.5 50 (10) 90 (10)
SDSS J222634.56−004144.9 673 52162 239 M3.5 DA 13000 7.5 20 (10) 340 (10)
SDSS J222703.35−000946.3 673 52162 223 M1.0 DA 16000 8.0 -510 (10) -30 (10)
SDSS J222822.74+391239.8 2620 54339 73 M2.5 DA 16000 6.5 -30 (10) 100 (100)
SDSS J222838.36−002951.9 376 52143 236 M4.5 DA 8000 8.0 -30 (10) 30 (10)
SDSS J222944.28+011323.4 1036 52582 417 M3.0 DA 6000 5.0 60 (10) -170 (10)
SDSS J223024.37−004607.4 376 52143 179 M6.0 DA 8000 7.75 -80 (10) 520 (10)
SDSS J223051.15+125706.9 738 52521 221 M5.0 DA 11000 8.0 60 (10) -70 (10)
SDSS J223223.76+135434.5 738 52521 497 M2.5 DA 8000 9.0 10 (10) 0 (10)
SDSS J223236.15+000024.6 674 52201 313 M4.0 DA 20000 8.25 20 (10) 440 (10)
SDSS J223300.46+124719.1 738 52521 189 M4.5 DA 18000 7.75 80 (10) -110 (10)
SDSS J223520.74−000558.1 377 52145 473 M5.5 DA 20000 5.0 -110 (10) 0 (10)
SDSS J223530.61+142855.1 738 52521 602 M1.5 DA 25000 7.5 -1000 (0) -110 (20)
SDSS J223530.61−000536.0 674 52201 195 M6.0 DA 25000 5.0 -50 (10) 60 (10)
SDSS J223727.87−091914.3 722 52224 222 M7.0 DA 30000 7.75 -0 (300) 0 (100)
SDSS J223952.92+143436.3 739 52520 522 M2.5 DA 10000 9.0 50 (10) 230 (10)
SDSS J224038.38−093541.4 722 52224 144 M5.0 DA 14000 7.75 -70 (10) 40 (10)
SDSS J224055.70+005444.9 1901 53261 361 M3.5 DA 20000 7.75 100 (10) -40 (10)
Continued on Next Page. . .
233
Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
SDSS J224139.03+002711.0 1901 53261 471 M4.5 DA 14000 7.5 20 (10) 50 (10)
SDSS J224254.72+215939.2 2261 53612 201 M4.5 DA 20000 7.75 40 (10) 20 (10)
SDSS J224351.99+010951.1 1901 53261 442 M4.5 DA 14000 7.5 -700 (10) -50 (10)
SDSS J224541.29+134520.7 1893 53239 632 M5.0 DA 14000 7.75 100 (100) 20 (30)
SDSS J224548.31+220920.5 2261 53612 50 M4.5 DA 8000 5.0 0 (10) -300 (10)
SDSS J224915.54−101950.2 723 52201 41 M3.0 DA 35000 7.5 0 (10) -0 (10)
SDSS J224932.03+000645.7 676 52178 400 M5.5 DA 10000 8.0 -20 (10) 160 (10)
SDSS J224948.74−010047.3 676 52178 257 M2.0 DB 20000 9.0 30 (10) 0 (10)
SDSS J225117.29+310939.9 2621 54380 597 M1.5 DA 40000 8.25 0 (10) 70 (20)
SDSS J225334.79−090553.9 724 52238 433 M3.0 DB 13000 9.0 -40 (10) 300 (10)
SDSS J225503.57−001548.6 379 51789 142 M5.5 DA 20000 7.75 10 (10) 20 (10)
SDSS J225716.58+074534.3 2325 54082 379 M2.0 DA 16000 8.0 40 (10) 110 (10)
SDSS J225847.57+071026.6 2325 54082 498 M5.5 DA 9000 9.0 -40 (10) 20 (10)
SDSS J230051.74+134115.5 742 52263 181 M2.0 DA 20000 7.75 -0 (10) 120 (10)
SDSS J230309.29−003222.9 678 52884 302 M5.0 DA 10000 8.25 10 (10) 20 (10)
SDSS J230502.56+215854.2 2623 54096 311 M5.5 DA 25000 8.0 -90 (10) 80 (10)
SDSS J230552.08−001448.8 678 52884 187 M2.5 DA 20000 8.0 0 (10) 210 (10)
SDSS J230723.71−011435.7 678 52884 122 M4.0 DA 14000 7.75 0 (200) 500 (200)
SDSS J230833.72+224052.7 2629 54087 467 M0.5 DA 80000 7.5 -10 (10) 90 (10)
SDSS J230936.17−000317.8 678 52884 546 M4.5 DA 16000 6.5 -600 (200) 400 (200)
SDSS J231014.63+001439.9 679 52177 355 M5.0 DA 6000 7.5 0 (10) 370 (10)
SDSS J231105.66+220208.7 2629 54087 177 M3.0 DA 25000 7.5 -10 (10) 170 (10)
SDSS J231151.46−001015.2 679 52177 235 M4.5 DA 13000 5.5 -550 (10) 590 (10)
SDSS J231230.79+005321.7 381 51811 579 M2.0 DA 10000 9.0 10 (10) 160 (10)
SDSS J231256.41+005035.7 381 51811 606 M6.0 DA 16000 7.75 0 (10) 30 (10)
SDSS J231814.73+003430.3 679 52177 549 M3.0 DA 12000 7.5 -70 (10) 280 (10)
SDSS J231825.23−093539.2 645 52203 422 M4.5 DA 20000 7.5 -60 (10) 60 (10)
SDSS J231901.25−004949.4 680 52200 300 M2.5 DA 10000 7.5 -20 (10) 50 (10)
SDSS J231924.30−093449.4 645 52203 466 M5.0 DA 16000 7.5 -60 (10) -60 (10)
SDSS J232043.07+011049.5 680 52200 368 M2.0 DA 25000 8.25 0 (10) 440 (10)
SDSS J232217.43−005725.4 680 52200 211 M5.0 DA 13000 7.5 -10 (10) 20 (10)
SDSS J232353.90+004727.3 680 52200 536 M3.5 DA 14000 7.75 -590 (10) 290 (10)
SDSS J232436.23−004536.3 680 52200 59 M2.5 DA 18000 7.75 40 (10) 180 (10)
SDSS J232438.31−093106.5 645 52203 637 M4.5 DB 17000 7.0 30 (10) 40 (10)
SDSS J232527.81−005416.7 680 52200 57 M5.5 DA 12000 7.75 40 (10) 360 (10)
SDSS J232624.73−011327.2 1095 52521 81 M8.0 DA 6000 6.5 -520 (10) 0 (10)
SDSS J232918.87+523652.6 1663 52973 151 M6.0 DB 16000 7.5 -30 (10) 20 (10)
SDSS J233215.10−084736.4 646 52523 606 M5.5 DA 18000 7.75 110 (10) 40 (10)
SDSS J233226.88+531044.2 1662 52970 636 M0.5 DA 16000 5.5 -10 (10) -20 (10)
SDSS J233347.66−001501.1 681 52199 68 M3.0 DA 11000 8.0 -40 (10) 260 (10)
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SDSS J233612.51+482955.3 1888 53239 177 M3.0 DA 25000 8.0 -30 (10) 0 (10)
SDSS J233630.55−003036.1 682 52525 228 M4.0 DA 25000 8.25 10 (10) 170 (10)
SDSS J233639.08+080213.7 2628 54326 256 M3.5 DA 20000 7.75 100 (0) 0 (20)
SDSS J233856.89+074456.4 2628 54326 133 M2.5 DA 25000 7.75 -40 (10) -0 (0)
SDSS J233906.00−001754.7 385 51783 271 M3.5 DA 25000 9.0 -10 (10) 450 (10)
SDSS J233919.64−000233.5 1093 52591 234 M3.0 DA 20000 7.5 -0 (10) 190 (10)
SDSS J233922.27+074400.4 2628 54326 88 M2.0 DA 18000 7.75 -30 (10) 0 (100)
SDSS J233928.36−002040.1 682 52525 159 M4.5 DA 12000 8.5 -70 (10) 170 (10)
SDSS J233951.75+094956.5 2622 54095 571 M4.0 DA 12000 8.0 20 (10) 30 (10)
SDSS J234041.47−110636.9 3144 54763 85 M7.0 DA 8000 7.75 50 (20) -50 (10)
SDSS J234106.83+083550.3 2628 54326 112 M4.5 DA 12000 8.25 0 (10) 100 (100)
SDSS J234131.09+003749.5 683 52524 387 M2.0 DA 12000 9.0 30 (10) 480 (10)
SDSS J234149.48+145006.5 1895 53242 471 M4.0 DA 16000 7.75 -120 (10) 90 (10)
SDSS J234154.64+083853.0 2628 54326 71 M2.0 DA 25000 8.5 -50 (10) 400 (100)
SDSS J234158.24−094716.7 648 52559 384 M3.5 DA 12000 8.0 10 (10) 50 (10)
SDSS J234225.67+155930.4 748 52233 364 M5.0 DA 14000 7.75 -0 (10) -40 (10)
SDSS J234257.10+144955.4 1895 53242 498 M0.5 DA 25000 7.75 -20 (10) 260 (10)
SDSS J234312.96+154106.4 1894 53240 445 M5.0 DA 10000 9.0 10 (10) 180 (10)
SDSS J234345.18+462339.8 1886 53237 589 M3.0 DA 18000 7.75 -20 (10) 20 (10)
SDSS J234404.17+142904.5 1895 53242 155 M4.0 DA 18000 7.5 30 (10) -80 (10)
SDSS J234456.88+010757.8 1903 53357 523 M0.0 DA 7000 5.0 -100 (100) -350 (10)
SDSS J234459.62+002750.0 1903 53357 503 M5.0 DB 14000 9.0 -20 (10) 300 (10)
SDSS J234534.50−001453.7 683 52524 166 M5.0 DA 20000 7.75 0 (10) 130 (10)
SDSS J234621.22−003259.3 683 52524 154 M5.0 DA 14000 7.75 -660 (10) 120 (10)
SDSS J234623.16−001454.7 683 52524 158 M5.0 DB 15000 9.0 30 (10) 540 (10)
SDSS J234638.76+434041.8 1885 53230 543 M2.5 DA 100000 6.5 90 (10) 660 (10)
SDSS J234649.95−002031.9 683 52524 150 M2.0 DA 20000 7.75 -0 (10) 90 (10)
SDSS J234749.52−103040.2 2311 54331 168 M2.5 DA 14000 7.0 10 (10) 600 (300)
SDSS J234749.84+431424.7 1885 53230 599 M2.0 DA 16000 8.25 -40 (10) 50 (10)
SDSS J234810.00−083955.2 648 52559 531 M1.0 DB 13000 9.0 0 (10) 0 (10)
SDSS J234844.93+002942.5 683 52524 546 M4.0 DA 13000 7.0 30 (10) -550 (10)
SDSS J234929.47+435307.4 1885 53230 622 M4.0 DA 13000 7.5 -10 (10) 110 (10)
SDSS J235027.60+004358.7 1488 52965 488 M2.5 DA 10000 8.25 -10 (10) 40 (10)
SDSS J235224.78−000204.9 684 52523 200 M2.5 DA 40000 5.5 -10 (10) 0 (10)
SDSS J235324.75+351623.3 1881 53261 125 M5.0 DA 11000 8.25 120 (10) -160 (10)
SDSS J235354.14−000307.3 1092 52639 79 M1.0 DA 14000 8.0 -50 (10) 220 (10)
SDSS J235753.13+284542.8 2824 54452 364 M6.5 DB 15000 8.5 0 (100) 0 (200)
Continued on Next Page. . .
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Table A1 – Continued
SDSS ID Plate MJD Fiber dM WD WD WD dM RV WD RV
SpT Type (Teff K)1 log g1 (km s−1) (km s−1)
1The values for WD Teff and WD log g values are only estimates based on the best-fit models. The WD parameters reported in Table 2.2
are calculated using methods described in Section 2.3.2 and are more reliable.
2The raw dM radial velocity corrected for the system velocity. The corresponding raw dM RV uncertainties are reported in the parenthesis.
3The rawWD radial velocity corrected for the system velocity. The corresponding rawWD RV uncertainties are reported in the parenthesis.
236
Table A2: WD+dM Parameters II (Full): WD Cooling analysis parameters
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J000356.93−050332.7 17600 (400) 0.65 (0.04) 130 (10)
SDSS J000453.94+265420.4 9500 (300) 0.599 (0.008) 650 (40)
SDSS J000504.92+243409.7 12700 (700) 0.83 (0.06) 510 (90)
SDSS J000531.10−054343.2 14000 (2000) 0.74 (0.1) 350 (100)
SDSS J000559.87−054416.1 29900 (500) 0.76 (0.05) 17 (4)
SDSS J000651.91+284647.1 15000 (2000) 0.5 (0.1) 160 (50)
SDSS J001853.79+005021.5 14500 (400) 0.612 (0.008) 210 (10)
SDSS J003257.12+000631.4 20000 (2000) 0.5 (0.1) 50 (20)
SDSS J003628.07−003124.9 9500 (300) 0.599 (0.008) 650 (40)
SDSS J003650.58+134411.5 10500 (300) 0.602 (0.008) 510 (30)
SDSS J004138.68+151104.9 34000 (2000) 0.6 (0.1) 7.9 (0.9)
SDSS J004740.76−000019.5 12000 (2000) 0.9 (0.4) 800 (900)
SDSS J010341.60+003132.6 10400 (300) 0.602 (0.008) 520 (30)
SDSS J011042.01−010839.3 63000 (2000) 0.55 (0.02) 2.8 (0.1)
SDSS J011123.90+000935.2 11600 (300) 0.605 (0.008) 390 (20)
SDSS J011446.97+132825.4 14300 (400) 0.611 (0.008) 220 (10)
SDSS J011447.52+254229.6 35600 (500) 0.58 (0.03) 7.3 (0.3)
SDSS J011634.11+002956.6 16000 (1000) 1 (0.1) 400 (200)
SDSS J011817.62+384249.4 28900 (400) 0.69 (0.04) 15 (2)
SDSS J012053.21+382356.7 13200 (400) 0.609 (0.008) 280 (20)
SDSS J012259.53+154253.8 11300 (300) 0.604 (0.008) 410 (20)
SDSS J012332.85+403906.3 11400 (300) 0.604 (0.008) 410 (20)
SDSS J013418.52+010100.0 16000 (2000) 0.7 (0.2) 190 (90)
SDSS J013801.05+230329.3 12500 (400) 0.607 (0.008) 320 (20)
SDSS J014152.51−005241.7 18000 (1000) 0.8 (0.1) 190 (50)
SDSS J014232.59−083528.5 8500 (300) 0.597 (0.008) 860 (50)
SDSS J015132.82−080047.8 11500 (300) 0.604 (0.008) 400 (20)
SDSS J015225.39−005808.6 9100 (300) 0.598 (0.008) 720 (40)
SDSS J015256.98+002044.7 15000 (2000) 0.6 (0.2) 150 (70)
SDSS J020611.80+132408.9 13000 (1000) 0.59 (0.09) 270 (60)
SDSS J020847.63+224814.5 47000 (2000) 0.46 (0.05) 5.5 (0.6)
SDSS J021058.63−090210.8 17000 (800) 0.57 (0.08) 110 (20)
SDSS J021145.58+071831.1 19100 (700) 0.66 (0.07) 100 (20)
SDSS J021309.20−005025.5 6100 (200) 0.59 (0.008) 2200 (200)
SDSS J021534.78+141846.7 10100 (300) 0.601 (0.008) 560 (30)
SDSS J021759.09+004517.6 17000 (1000) 0.5 (0.1) 80 (30)
SDSS J021855.28+011056.5 10800 (300) 0.603 (0.008) 470 (30)
SDSS J021903.68−001733.9 30500 (900) 0.7 (0.08) 12 (2)
SDSS J022346.26+230151.0 16600 (500) 0.617 (0.009) 140 (10)
SDSS J022835.93−074032.4 14600 (700) 0.5 (0.06) 150 (20)
SDSS J022954.30+001946.9 20000 (2000) 0.5 (0.2) 50 (30)
SDSS J023015.38+010958.8 15000 (1000) 0.8 (0.1) 280 (90)
SDSS J023327.24+282504.2 10300 (300) 0.601 (0.008) 530 (30)
SDSS J023515.12−000737.0 25000 (2000) 0.5 (0.1) 20 (5)
SDSS J023938.04+273654.1 12100 (700) 0.6 (0.1) 360 (70)
SDSS J024958.71+334250.0 54000 (2000) 0.52 (0.03) 3.7 (0.2)
SDSS J025123.33−011314.4 33400 (600) 0.72 (0.05) 8.5 (0.6)
SDSS J025202.46−010515.7 66000 (2000) 0.58 (0.02) 2.4 (0.1)
SDSS J025306.37+001329.2 10900 (300) 0.603 (0.008) 460 (30)
SDSS J025610.61−073024.6 15900 (400) 0.53 (0.04) 130 (10)
SDSS J025622.04−065036.2 15000 (1000) 0.47 (0.1) 140 (30)
SDSS J025753.40−003159.5 12000 (2000) 0.5 (0.2) 300 (100)
SDSS J025814.38+063849.9 12200 (600) 0.93 (0.06) 900 (200)
SDSS J025817.87+010946.0 34900 (800) 0.61 (0.05) 7.3 (0.4)
SDSS J030138.24+050219.0 10700 (300) 0.602 (0.008) 480 (30)
SDSS J030900.90+384835.3 11200 (300) 0.604 (0.008) 430 (20)
SDSS J030904.82−010100.9 20000 (2000) 1 (0.2) 200 (100)
SDSS J032030.53+044243.6 14000 (1000) 0.7 (0.1) 280 (90)
Continued on Next Page. . .
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J032038.72−063823.0 10900 (300) 0.603 (0.008) 460 (30)
SDSS J032136.55−001630.5 29600 (500) 0.54 (0.04) 11.9 (0.4)
SDSS J032422.38−000516.1 22000 (1000) 0.49 (0.08) 30 (7)
SDSS J032510.84−011114.2 11600 (300) 0.605 (0.008) 390 (20)
SDSS J032548.50+061559.5 13000 (1000) 0.5 (0.2) 210 (70)
SDSS J032607.98+011021.2 9400 (300) 0.599 (0.008) 670 (40)
SDSS J033132.13−005453.4 28800 (500) 0.66 (0.05) 14 (2)
SDSS J033548.59+003832.3 18500 (600) 0.5 (0.05) 64 (9)
SDSS J033807.64−000715.3 25000 (2000) 0.6 (0.1) 30 (10)
SDSS J034237.98+010858.5 29200 (900) 0.648 (0.008) 13 (1)
SDSS J034817.37+094545.8 21400 (700) 0.66 (0.06) 60 (10)
SDSS J034913.70+085810.9 21000 (1000) 0.8 (0.1) 90 (30)
SDSS J035832.99−052830.2 8900 (300) 0.598 (0.008) 770 (40)
SDSS J041716.59+055522.5 9800 (300) 0.6 (0.008) 610 (40)
SDSS J042200.52+073358.9 12900 (700) 0.84 (0.08) 500 (100)
SDSS J042437.67+063408.3 50000 (4000) 0.9 (0.1) 2.4 (0.4)
SDSS J044046.92−050413.0 10800 (300) 0.603 (0.008) 470 (30)
SDSS J044542.27+120246.8 13000 (2000) 1.2 (0.1) 2000 (1000)
SDSS J044824.31−011241.8 21000 (1000) 0.49 (0.07) 38 (8)
SDSS J044831.03+214909.9 19000 (1000) 0.59 (0.08) 80 (20)
SDSS J045248.17−003934.3 10600 (300) 0.602 (0.008) 500 (30)
SDSS J053653.54−000534.5 32700 (800) 0.59 (0.06) 8.8 (0.5)
SDSS J054430.98+825608.8 32600 (600) 0.64 (0.05) 8.7 (0.4)
SDSS J063803.61+373309.2 18100 (600) 0.59 (0.06) 100 (20)
SDSS J063805.22+835527.0 10300 (300) 0.601 (0.008) 530 (30)
SDSS J064212.72+381638.6 12000 (400) 0.606 (0.008) 360 (20)
SDSS J064324.93+384943.0 12000 (400) 0.606 (0.008) 360 (20)
SDSS J064715.54+275948.3 6300 (200) 0.59 (0.008) 1900 (100)
SDSS J064812.76+381005.9 19000 (2000) 0.5 (0.1) 70 (30)
SDSS J071119.60+384525.2 11500 (300) 0.604 (0.008) 400 (20)
SDSS J071309.72+401249.5 16200 (700) 0.63 (0.07) 160 (30)
SDSS J072130.60+374228.4 17400 (900) 0.59 (0.09) 110 (30)
SDSS J072543.89+414519.3 19600 (800) 0.62 (0.07) 80 (20)
SDSS J072920.74+430410.2 11100 (300) 0.603 (0.008) 440 (30)
SDSS J073011.39+162511.3 12800 (700) 0.63 (0.08) 320 (50)
SDSS J073031.42+373018.4 24000 (2000) 0.7 (0.1) 30 (20)
SDSS J073445.66+155449.0 10300 (300) 0.601 (0.008) 530 (30)
SDSS J073534.34+650648.9 12900 (800) 0.92 (0.09) 700 (200)
SDSS J073700.60+384733.8 36000 (2000) 0.5 (0.2) 9 (2)
SDSS J073732.86+225355.1 12200 (400) 0.606 (0.008) 350 (20)
SDSS J073906.94+274353.9 19000 (1000) 0.6 (0.09) 80 (20)
SDSS J074011.18+385909.1 12400 (700) 0.7 (0.1) 360 (70)
SDSS J074211.87+182227.6 15100 (600) 0.54 (0.06) 160 (20)
SDSS J074301.93+410655.3 19400 (500) 0.5 (0.04) 53 (6)
SDSS J074334.27+344647.5 19000 (1000) 0.69 (0.1) 110 (30)
SDSS J074352.68+322547.3 12900 (800) 0.86 (0.07) 500 (100)
SDSS J074632.06+181911.7 12000 (3000) 0.6 (0.3) 400 (300)
SDSS J074730.57+430403.6 17300 (600) 0.83 (0.07) 220 (40)
SDSS J074733.54+472004.0 11100 (300) 0.604 (0.008) 440 (30)
SDSS J074758.76+222942.4 12300 (600) 0.61 (0.08) 340 (50)
SDSS J074805.69+381805.9 10100 (300) 0.601 (0.008) 560 (30)
SDSS J074815.29+380845.9 30300 (1000) 0.45 (0.08) 12.3 (1)
SDSS J074819.94+243607.5 17200 (800) 0.54 (0.08) 100 (20)
SDSS J074845.72+180240.4 34100 (900) 0.55 (0.07) 8.3 (0.6)
SDSS J074857.90+254045.4 12700 (700) 0.63 (0.1) 320 (60)
SDSS J075009.90+381641.6 10900 (300) 0.603 (0.008) 460 (30)
SDSS J075051.85+085020.1 9100 (300) 0.598 (0.008) 720 (40)
SDSS J075143.03+225425.7 16600 (1000) 0.56 (0.1) 120 (30)
SDSS J075153.17+653104.7 26000 (3000) 0.8 (0.3) 40 (30)
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J075223.15+433212.2 24000 (1000) 0.59 (0.07) 28 (7)
SDSS J075254.18+174153.5 22700 (1000) 0.54 (0.06) 30 (5)
SDSS J075314.67+190926.0 22000 (1000) 0.77 (0.08) 80 (20)
SDSS J075359.48+175445.5 19800 (800) 0.83 (0.08) 150 (30)
SDSS J075407.21+313720.8 15000 (1000) 0.81 (0.09) 290 (70)
SDSS J075455.81+294759.5 28100 (1000) 0.58 (0.07) 14 (1)
SDSS J075508.69+122601.1 28000 (2000) 0.5 (0.1) 14 (2)
SDSS J075520.05+274302.3 28000 (2000) 0.9 (0.2) 50 (30)
SDSS J075557.01+091135.1 7600 (200) 0.594 (0.008) 1150 (70)
SDSS J075621.94+311439.6 15600 (700) 0.52 (0.08) 130 (20)
SDSS J075658.47+114919.4 27800 (1000) 0.65 (0.09) 16 (4)
SDSS J075721.07+323054.4 19900 (400) 0.58 (0.03) 62 (8)
SDSS J075842.46+170950.6 31700 (700) 0.63 (0.07) 9.5 (0.6)
SDSS J080011.80+114437.5 16800 (700) 0.58 (0.06) 120 (20)
SDSS J080029.11+491112.2 8900 (300) 0.598 (0.008) 760 (40)
SDSS J080042.51+105121.7 25000 (3000) 0.5 (0.1) 19 (5)
SDSS J080045.07+500227.7 22000 (1000) 0.53 (0.07) 33 (7)
SDSS J080144.39+221650.1 30900 (900) 0.652 (0.008) 10.4 (0.8)
SDSS J080230.00+072858.2 18600 (800) 0.47 (0.07) 60 (10)
SDSS J080235.70+525736.4 11000 (300) 0.603 (0.008) 450 (30)
SDSS J080329.48+361934.5 19000 (1000) 0.5 (0.1) 70 (20)
SDSS J080541.63+170624.9 20000 (2000) 0.7 (0.2) 100 (50)
SDSS J080611.75+215912.6 32000 (3000) 0.8 (0.3) 12 (10)
SDSS J080637.51+335510.2 29400 (800) 0.65 (0.08) 13 (2)
SDSS J080643.42+403517.3 23900 (900) 0.59 (0.05) 28 (5)
SDSS J080657.22+544546.5 10900 (300) 0.603 (0.008) 460 (30)
SDSS J080732.87+112710.8 22000 (1000) 0.55 (0.06) 34 (7)
SDSS J080736.96+072412.1 19300 (900) 0.65 (0.08) 90 (20)
SDSS J080939.99+125122.2 16400 (700) 0.53 (0.07) 110 (20)
SDSS J081126.68+053911.9 27900 (500) 0.54 (0.03) 14.1 (0.5)
SDSS J081127.18+075236.2 15000 (2000) 0.5 (0.1) 140 (50)
SDSS J081225.62+031914.1 25000 (1000) 0.6 (0.07) 22 (5)
SDSS J081228.68+323533.1 10600 (300) 0.602 (0.008) 490 (30)
SDSS J081312.10+324758.7 10200 (300) 0.601 (0.008) 540 (30)
SDSS J081320.01+215259.3 29000 (1000) 0.8 (0.1) 19 (8)
SDSS J081406.16+521715.4 41000 (1000) 0.48 (0.04) 6.6 (0.4)
SDSS J081409.82+531921.3 20500 (500) 0.51 (0.04) 42 (4)
SDSS J081449.79+405920.7 10500 (300) 0.602 (0.008) 510 (30)
SDSS J081502.81+411710.5 11700 (400) 0.605 (0.008) 380 (20)
SDSS J081513.68+204348.2 9800 (300) 0.6 (0.008) 610 (40)
SDSS J081553.11−064709.1 12400 (400) 0.62 (0.05) 340 (30)
SDSS J081600.20+431339.2 25000 (2000) 0.5 (0.1) 20 (6)
SDSS J081654.36+354230.6 23300 (900) 0.7 (0.07) 50 (10)
SDSS J081701.87−000313.3 16400 (700) 0.62 (0.08) 150 (30)
SDSS J081732.74+265729.9 18900 (700) 0.46 (0.06) 53 (10)
SDSS J081831.08−010923.2 21000 (4000) 1.1 (0.3) 300 (200)
SDSS J081840.76+204748.0 32600 (800) 0.53 (0.08) 9.5 (0.7)
SDSS J081942.67+542608.2 18200 (700) 0.45 (0.06) 60 (10)
SDSS J082011.22+584235.2 15000 (700) 0.55 (0.06) 160 (30)
SDSS J082022.02+431411.1 21400 (500) 0.53 (0.03) 37 (4)
SDSS J082031.31+252558.8 20000 (1000) 0.53 (0.09) 50 (10)
SDSS J082144.37+301806.1 13000 (3000) 0.8 (0.2) 500 (400)
SDSS J082213.93+121437.5 20100 (1000) 0.53 (0.08) 50 (10)
SDSS J082242.77+460015.8 10400 (300) 0.602 (0.008) 520 (30)
SDSS J082455.62+272242.6 14000 (2000) 0.6 (0.2) 230 (80)
SDSS J082526.46−010929.2 10000 (300) 0.601 (0.008) 570 (30)
SDSS J082533.82+161048.4 15000 (2000) 0.5 (0.1) 130 (50)
SDSS J082558.78+034520.9 20000 (1000) 0.5 (0.1) 40 (10)
SDSS J082601.74+094556.2 24500 (900) 0.6 (0.05) 25 (4)
Continued on Next Page. . .
239
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SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J082609.73+194126.3 11000 (300) 0.603 (0.008) 450 (30)
SDSS J082619.55+333042.7 8600 (300) 0.597 (0.008) 840 (50)
SDSS J082808.59+185127.3 14000 (2000) 0.6 (0.2) 200 (100)
SDSS J082835.00+241547.6 24000 (2000) 0.6 (0.1) 30 (10)
SDSS J083025.48−053638.8 13600 (800) 0.69 (0.08) 310 (50)
SDSS J083038.80+470247.0 40000 (1000) 0.67 (0.05) 5 (0.3)
SDSS J083043.50+221312.0 27000 (2000) 0.6 (0.2) 15 (5)
SDSS J083056.12+315941.9 30700 (700) 0.62 (0.06) 10.5 (0.6)
SDSS J083115.77+185024.8 20000 (2000) 0.8 (0.1) 140 (50)
SDSS J083233.10+611120.4 27200 (600) 0.65 (0.04) 18 (2)
SDSS J083253.66+233121.2 50000 (3000) 0.83 (0.08) 2.5 (0.3)
SDSS J083255.20−043046.3 18000 (600) 0.61 (0.06) 110 (20)
SDSS J083311.88+173456.9 14000 (1000) 0.5 (0.1) 150 (40)
SDSS J083348.00+531632.1 10200 (300) 0.601 (0.008) 550 (30)
SDSS J083351.77+533006.1 11400 (300) 0.604 (0.008) 410 (20)
SDSS J083354.85+070240.2 12100 (600) 0.8 (0.08) 500 (100)
SDSS J083357.03+052901.2 12000 (2000) 0.6 (0.3) 300 (200)
SDSS J083410.38+135355.8 12300 (400) 0.606 (0.008) 330 (20)
SDSS J083420.71+091709.7 11200 (300) 0.604 (0.008) 430 (20)
SDSS J083449.33+530317.6 18000 (2000) 0.8 (0.1) 220 (70)
SDSS J083618.61+432651.6 25500 (1000) 0.49 (0.05) 19 (1)
SDSS J083722.44+265417.4 16700 (900) 1 (0.06) 430 (80)
SDSS J083746.91+550255.7 12800 (500) 0.78 (0.04) 440 (50)
SDSS J083824.43+101608.7 19000 (1000) 0.6 (0.1) 90 (30)
SDSS J084018.25+265603.1 29300 (500) 0.69 (0.04) 14 (2)
SDSS J084019.49+152833.8 31000 (1000) 0.7 (0.1) 11 (3)
SDSS J084105.88+453943.6 20500 (800) 0.5 (0.06) 41 (7)
SDSS J084221.36+544834.6 10700 (300) 0.602 (0.008) 490 (30)
SDSS J084229.67+525417.8 43000 (2000) 0.62 (0.09) 4.6 (0.6)
SDSS J084307.27+122610.1 9800 (300) 0.6 (0.008) 600 (40)
SDSS J084405.94+094122.4 11900 (400) 0.606 (0.008) 360 (20)
SDSS J084514.23+540311.6 14000 (1000) 0.5 (0.1) 180 (50)
SDSS J084518.67+055911.8 10100 (300) 0.601 (0.008) 550 (30)
SDSS J084535.15+234806.0 44000 (3000) 0.5 (0.1) 5.6 (1)
SDSS J084537.38+372151.2 11300 (300) 0.604 (0.008) 420 (20)
SDSS J084637.20+263618.1 24000 (1000) 0.57 (0.08) 25 (6)
SDSS J084730.63+111127.0 10000 (300) 0.6 (0.008) 570 (30)
SDSS J084751.61+283113.6 14000 (1000) 0.47 (0.07) 160 (30)
SDSS J084827.13+271542.4 37000 (2000) 0.59 (0.08) 6.6 (0.7)
SDSS J084833.60+005840.0 10700 (300) 0.602 (0.008) 480 (30)
SDSS J084846.18+192758.9 15800 (900) 0.55 (0.09) 140 (30)
SDSS J084940.56+065507.2 16900 (800) 0.57 (0.08) 110 (20)
SDSS J085048.86+601523.7 8100 (200) 0.595 (0.008) 980 (60)
SDSS J085115.23+453028.0 21000 (2000) 0.7 (0.2) 80 (50)
SDSS J085202.07+115400.2 10600 (300) 0.602 (0.008) 490 (30)
SDSS J085218.18+173712.7 11200 (300) 0.604 (0.008) 430 (20)
SDSS J085223.76+071326.1 10300 (300) 0.601 (0.008) 530 (30)
SDSS J085224.44+143308.2 9500 (300) 0.599 (0.008) 660 (40)
SDSS J085255.71+020025.6 12100 (600) 0.84 (0.08) 600 (100)
SDSS J085426.25+374653.0 17300 (400) 0.62 (0.03) 130 (10)
SDSS J085509.50+133947.0 9900 (300) 0.6 (0.008) 590 (30)
SDSS J085542.50+044717.8 9900 (300) 0.6 (0.008) 590 (30)
SDSS J085555.58+190004.6 20000 (1000) 0.47 (0.09) 40 (10)
SDSS J085616.67+064632.2 13000 (3000) 0.7 (0.2) 300 (200)
SDSS J085631.58+030554.7 19000 (500) 0.63 (0.05) 90 (10)
SDSS J085634.83+373913.5 10000 (300) 0.601 (0.008) 570 (30)
SDSS J085650.61+020051.9 28100 (900) 0.6 (0.06) 14 (1)
SDSS J085730.59+631845.2 16600 (600) 0.65 (0.06) 160 (20)
SDSS J085741.44+153906.0 26000 (1000) 0.55 (0.06) 17 (2)
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SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J085812.40+323637.8 17000 (1000) 0.5 (0.1) 90 (30)
SDSS J085911.28+043507.2 18000 (1000) 0.7 (0.1) 140 (40)
SDSS J085923.50+035733.1 53000 (2000) 0.61 (0.05) 3.3 (0.3)
SDSS J085949.69+241858.5 13000 (3000) 0.7 (0.2) 400 (200)
SDSS J090039.62+160131.4 42000 (1000) 0.58 (0.04) 5.3 (0.4)
SDSS J090103.13+244718.9 27000 (2000) 0.5 (0.1) 16 (4)
SDSS J090204.62+260814.3 28300 (1000) 0.64 (0.08) 15 (2)
SDSS J090409.06+422702.3 25000 (1000) 0.6 (0.07) 21 (4)
SDSS J090437.32+225438.8 19600 (500) 0.58 (0.03) 66 (8)
SDSS J090439.85+562141.9 9100 (300) 0.598 (0.008) 730 (40)
SDSS J090449.80+093143.1 24000 (1000) 0.58 (0.06) 25 (5)
SDSS J090455.46+184741.9 17500 (800) 0.54 (0.08) 90 (20)
SDSS J090505.40+054811.8 29800 (600) 0.69 (0.06) 13 (2)
SDSS J090847.38+613141.4 18200 (800) 0.83 (0.09) 190 (40)
SDSS J090925.42+533700.7 20500 (600) 0.54 (0.05) 46 (7)
SDSS J091031.73+184731.1 14000 (7000) 1.1 (0.4) 1000 (1000)
SDSS J091040.53+014548.2 9600 (300) 0.6 (0.008) 630 (30)
SDSS J091132.23+303605.3 12500 (700) 0.71 (0.08) 410 (70)
SDSS J091304.44+011418.7 20000 (2000) 0.5 (0.1) 40 (20)
SDSS J091309.70+223346.8 13100 (900) 0.97 (0.09) 800 (300)
SDSS J091411.55+231449.8 21000 (2000) 0.7 (0.1) 70 (30)
SDSS J091508.22+415559.5 27400 (700) 0.49 (0.05) 14.7 (0.7)
SDSS J091540.28+102112.1 29500 (1000) 0.73 (0.09) 16 (5)
SDSS J091553.25+451129.2 18700 (600) 0.57 (0.05) 80 (10)
SDSS J091601.48−003129.8 18400 (500) 0.74 (0.05) 140 (20)
SDSS J091651.32+403629.8 10000 (300) 0.6 (0.008) 580 (30)
SDSS J091712.17+215426.0 12300 (400) 0.606 (0.008) 330 (20)
SDSS J091729.70+214333.8 19900 (600) 0.53 (0.05) 51 (8)
SDSS J091809.58+175216.2 12500 (400) 0.607 (0.008) 320 (20)
SDSS J091849.56+545601.8 30900 (700) 0.58 (0.06) 10.4 (0.6)
SDSS J091856.12+411317.9 13000 (4000) 0.7 (0.2) 400 (300)
SDSS J091927.45+085133.3 31500 (600) 0.62 (0.05) 9.7 (0.4)
SDSS J092017.96−001246.4 7000 (200) 0.592 (0.008) 1430 (90)
SDSS J092100.49+043216.6 23000 (2000) 0.47 (0.09) 24 (5)
SDSS J092104.12+425044.6 12300 (400) 0.53 (0.06) 280 (30)
SDSS J092137.90+161338.5 10700 (300) 0.602 (0.008) 480 (30)
SDSS J092200.71+181714.1 9800 (300) 0.6 (0.008) 600 (40)
SDSS J092203.36+394002.1 19000 (600) 0.51 (0.05) 58 (8)
SDSS J092257.55+290416.0 28900 (900) 0.61 (0.08) 13 (1)
SDSS J092420.72+124031.3 9700 (300) 0.6 (0.008) 620 (30)
SDSS J092429.07+010448.3 32000 (2000) 0.7 (0.2) 9 (3)
SDSS J092433.99+204020.1 9500 (300) 0.599 (0.008) 650 (40)
SDSS J092452.40+002449.0 19800 (600) 0.53 (0.05) 52 (8)
SDSS J092712.03+284629.3 22500 (600) 0.54 (0.03) 31 (3)
SDSS J092741.73+332959.2 27800 (700) 0.59 (0.05) 14 (1)
SDSS J093011.64+095319.6 9800 (300) 0.6 (0.008) 590 (30)
SDSS J093045.92+225957.3 19000 (1000) 0.5 (0.1) 60 (20)
SDSS J093118.38+091240.7 20400 (700) 0.56 (0.05) 51 (9)
SDSS J093155.67+394607.8 26100 (700) 0.64 (0.05) 21 (3)
SDSS J093211.04+132903.3 33600 (500) 0.58 (0.04) 8.4 (0.4)
SDSS J093214.58+345235.5 31500 (600) 0.61 (0.05) 9.7 (0.4)
SDSS J093311.91+092642.3 11300 (300) 0.604 (0.008) 420 (20)
SDSS J093420.06+051209.3 63000 (6000) 0.67 (0.09) 2.3 (0.4)
SDSS J093426.61+053753.7 24000 (3000) 1 (0.2) 120 (70)
SDSS J093427.91+204658.7 7200 (200) 0.593 (0.008) 1320 (80)
SDSS J093432.49+031348.8 31800 (500) 0.56 (0.04) 9.7 (0.4)
SDSS J093441.29+305026.0 16500 (600) 0.68 (0.06) 170 (20)
SDSS J093535.10+260111.2 19000 (2000) 0.5 (0.1) 50 (20)
SDSS J093556.98+223036.1 9200 (300) 0.599 (0.008) 700 (40)
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SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J093632.34+341932.7 9200 (300) 0.599 (0.008) 700 (40)
SDSS J093636.40+625606.3 11600 (300) 0.605 (0.008) 390 (20)
SDSS J093726.44+063000.8 12000 (2000) 0.5 (0.1) 240 (100)
SDSS J093918.47+572901.2 14500 (900) 0.51 (0.06) 160 (30)
SDSS J093936.64+373434.8 16100 (500) 0.52 (0.05) 120 (20)
SDSS J093947.96+325807.4 28900 (500) 0.52 (0.04) 13 (0.4)
SDSS J093959.25+380139.2 21100 (900) 0.7 (0.07) 80 (20)
SDSS J094029.39+523324.8 19000 (1000) 0.64 (0.09) 100 (20)
SDSS J094035.24+520007.6 19900 (800) 0.64 (0.07) 80 (20)
SDSS J094101.87+062221.2 26000 (2000) 0.6 (0.1) 20 (7)
SDSS J094101.91+510719.8 19200 (800) 0.51 (0.07) 60 (10)
SDSS J094103.01+523257.4 18800 (700) 0.7 (0.07) 120 (20)
SDSS J094205.37+184658.0 20100 (800) 0.64 (0.06) 70 (20)
SDSS J094402.19+614308.0 28700 (700) 0.48 (0.05) 13.3 (0.4)
SDSS J094634.49+203003.4 10100 (300) 0.601 (0.008) 550 (30)
SDSS J094640.32+233733.4 13600 (600) 0.94 (0.05) 600 (90)
SDSS J094700.62+181954.6 17500 (500) 0.619 (0.009) 119 (9)
SDSS J094744.55+123338.0 12700 (400) 0.62 (0.05) 320 (30)
SDSS J094745.63+632524.0 12000 (1000) 0.9 (0.1) 800 (300)
SDSS J094853.94+573957.7 38700 (1000) 0.59 (0.04) 6 (0.4)
SDSS J094900.27+014746.4 36400 (900) 0.58 (0.04) 6.9 (0.4)
SDSS J094913.37+032254.5 18800 (800) 0.54 (0.07) 70 (10)
SDSS J095108.74+025507.6 13000 (1000) 0.57 (0.1) 250 (60)
SDSS J095245.74+182102.9 31300 (400) 0.55 (0.03) 10.2 (0.3)
SDSS J095308.64+481344.6 16700 (700) 0.63 (0.07) 150 (30)
SDSS J095423.11+240410.8 32900 (600) 0.65 (0.05) 8.5 (0.3)
SDSS J095458.28+504517.9 16800 (500) 0.62 (0.05) 140 (20)
SDSS J095458.86−002457.1 27900 (900) 0.78 (0.08) 29 (10)
SDSS J095706.00+615254.2 37000 (1000) 0.55 (0.07) 6.9 (0.6)
SDSS J095723.83+020734.5 11300 (300) 0.604 (0.008) 420 (20)
SDSS J100027.26+110140.6 9000 (300) 0.598 (0.008) 750 (40)
SDSS J100131.19+320323.4 12200 (400) 0.606 (0.008) 340 (20)
SDSS J100206.98+435529.8 16600 (500) 0.61 (0.05) 140 (20)
SDSS J100217.65+033659.9 23000 (3000) 1 (0.2) 120 (70)
SDSS J100347.64+352958.3 19300 (900) 0.77 (0.09) 130 (30)
SDSS J100413.18+342950.8 9200 (300) 0.599 (0.008) 700 (40)
SDSS J100503.41+211204.0 21100 (600) 0.65 (0.05) 60 (10)
SDSS J100529.93+521937.9 9900 (300) 0.6 (0.008) 590 (30)
SDSS J100609.18+004417.1 7800 (200) 0.594 (0.008) 1070 (60)
SDSS J100653.48+610028.7 21000 (1000) 0.82 (0.1) 120 (30)
SDSS J100655.32+263647.8 16300 (800) 0.53 (0.08) 120 (20)
SDSS J100741.09+404125.9 10600 (300) 0.602 (0.008) 500 (30)
SDSS J100905.63+024441.3 15100 (600) 0.46 (0.06) 120 (20)
SDSS J100953.70−002853.5 22000 (1000) 0.8 (0.1) 90 (30)
SDSS J101032.63+344527.9 21000 (1000) 0.7 (0.1) 80 (20)
SDSS J101046.87+171348.9 20600 (900) 0.51 (0.06) 42 (8)
SDSS J101123.54+295201.7 15000 (1000) 0.6 (0.1) 160 (40)
SDSS J101323.91+043946.2 10100 (300) 0.601 (0.008) 560 (30)
SDSS J101356.33+272410.6 19000 (500) 1.15 (0.05) 470 (60)
SDSS J101501.07+185006.3 12400 (400) 0.607 (0.008) 330 (20)
SDSS J101614.70+490930.4 17000 (1000) 0.9 (0.1) 240 (70)
SDSS J101647.21−010907.2 18600 (400) 0.71 (0.04) 130 (10)
SDSS J101650.40+080749.3 25000 (1000) 0.53 (0.08) 20 (4)
SDSS J101804.31+253308.1 34600 (500) 0.6 (0.03) 7.5 (0.3)
SDSS J101805.57+463309.9 16000 (500) 0.52 (0.06) 120 (20)
SDSS J101840.33+141408.1 28500 (900) 0.49 (0.07) 13.4 (0.6)
SDSS J101922.84+285400.8 26000 (1000) 0.91 (0.07) 70 (10)
SDSS J101934.96+202043.4 27800 (1000) 0.57 (0.07) 14 (1)
SDSS J101954.55+402636.2 17300 (700) 0.61 (0.06) 120 (20)
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SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J101958.61+283339.9 6900 (200) 0.592 (0.008) 1490 (90)
SDSS J102005.06+365342.8 10900 (300) 0.603 (0.008) 460 (30)
SDSS J102014.53+355320.8 10300 (300) 0.601 (0.008) 520 (30)
SDSS J102118.16+265101.1 16100 (500) 0.53 (0.06) 120 (20)
SDSS J102122.46+433633.2 16600 (500) 0.66 (0.05) 160 (20)
SDSS J102205.96+080246.7 9700 (300) 0.6 (0.008) 610 (30)
SDSS J102256.26+095418.5 8100 (200) 0.595 (0.008) 960 (60)
SDSS J102334.26+042722.3 16900 (500) 0.55 (0.05) 110 (20)
SDSS J102453.04+103336.7 37000 (2000) 1 (0.2) 20 (20)
SDSS J102515.39+174937.6 23900 (900) 0.59 (0.06) 28 (5)
SDSS J102557.92+224315.7 15900 (500) 0.47 (0.05) 110 (10)
SDSS J102625.70+344525.6 10200 (300) 0.601 (0.008) 550 (30)
SDSS J102627.72+301710.2 11500 (300) 0.604 (0.008) 400 (20)
SDSS J102750.05+271244.2 24100 (700) 0.69 (0.04) 39 (7)
SDSS J102843.98+443252.7 21000 (2000) 0.5 (0.1) 40 (20)
SDSS J103008.34+393715.5 25000 (1000) 0.59 (0.06) 22 (4)
SDSS J103024.66+464109.6 9400 (300) 0.599 (0.008) 660 (40)
SDSS J103121.97+202315.1 15500 (500) 0.66 (0.04) 200 (20)
SDSS J103124.84+192620.7 17200 (900) 0.47 (0.09) 80 (20)
SDSS J103209.78+372247.5 15900 (700) 0.57 (0.07) 140 (30)
SDSS J103225.78+204935.7 19100 (600) 0.49 (0.05) 54 (7)
SDSS J103318.90+593810.8 21000 (2000) 0.6 (0.2) 60 (30)
SDSS J103426.19+151606.7 16400 (800) 0.63 (0.07) 150 (30)
SDSS J103501.26+104222.7 9000 (300) 0.598 (0.008) 740 (40)
SDSS J103514.79+390718.0 26700 (900) 0.83 (0.06) 50 (10)
SDSS J103837.22+015058.5 32200 (500) 0.69 (0.04) 9.3 (0.6)
SDSS J103952.62+285421.9 20000 (1000) 0.6 (0.1) 70 (20)
SDSS J104012.99+252559.9 10300 (300) 0.601 (0.008) 540 (30)
SDSS J104036.43+515508.4 13000 (2000) 0.7 (0.1) 300 (100)
SDSS J104057.48+083421.6 11700 (300) 0.605 (0.008) 390 (20)
SDSS J104103.81+201945.0 20200 (1000) 0.52 (0.08) 50 (10)
SDSS J104107.67+092103.3 47000 (2000) 0.72 (0.07) 3.3 (0.3)
SDSS J104113.67+293903.1 27000 (1000) 0.55 (0.1) 15 (2)
SDSS J104126.53+513607.3 24000 (3000) 0.5 (0.2) 22 (8)
SDSS J104142.56+391900.2 10100 (300) 0.601 (0.008) 560 (30)
SDSS J104155.90+303257.0 17100 (700) 0.55 (0.07) 100 (20)
SDSS J104219.08+442916.0 23100 (800) 0.57 (0.05) 29 (5)
SDSS J104318.66+305013.0 15800 (600) 0.48 (0.06) 110 (20)
SDSS J104322.98+051235.9 13700 (800) 0.5 (0.09) 190 (40)
SDSS J104346.93+402555.3 16500 (500) 0.57 (0.05) 120 (20)
SDSS J104358.60+060321.0 11000 (300) 0.603 (0.008) 450 (30)
SDSS J104517.78−001833.7 18500 (600) 0.47 (0.06) 56 (10)
SDSS J104604.39+214018.6 42000 (2000) 0.45 (0.05) 6.8 (0.6)
SDSS J104634.77+604835.8 28900 (700) 0.59 (0.06) 12.7 (0.8)
SDSS J104635.23+594628.8 30000 (1000) 0.5 (0.1) 12.3 (0.9)
SDSS J104738.24+052320.3 14700 (800) 0.46 (0.08) 140 (30)
SDSS J104751.79+483503.8 12200 (700) 0.7 (0.1) 400 (80)
SDSS J104838.47+624158.3 20000 (1000) 0.7 (0.1) 110 (40)
SDSS J104948.06+393324.7 28100 (700) 0.71 (0.06) 19 (4)
SDSS J105038.63+413834.6 11800 (400) 0.605 (0.008) 370 (20)
SDSS J105051.71−001207.7 13700 (400) 0.61 (0.008) 250 (20)
SDSS J105113.08+154220.8 27600 (900) 0.51 (0.06) 14.4 (0.9)
SDSS J105133.36+663401.1 20300 (500) 0.49 (0.04) 42 (5)
SDSS J105216.51+262524.2 18900 (400) 0.6 (0.03) 82 (9)
SDSS J105227.72+100337.6 21700 (500) 0.53 (0.03) 35 (3)
SDSS J105417.85+170600.4 9000 (300) 0.598 (0.008) 750 (40)
SDSS J105421.97+512254.2 23000 (800) 0.7 (0.05) 50 (10)
SDSS J105424.74+092258.2 32100 (500) 0.55 (0.04) 9.6 (0.4)
SDSS J105436.18+100837.3 11900 (400) 0.605 (0.008) 370 (20)
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SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J105623.85+025428.4 10500 (300) 0.602 (0.008) 510 (30)
SDSS J105656.17+194458.5 38000 (1000) 0.66 (0.05) 5.7 (0.3)
SDSS J105657.36+330416.2 21600 (800) 0.59 (0.06) 44 (9)
SDSS J105730.98+474614.4 11300 (300) 0.604 (0.008) 420 (20)
SDSS J110052.64+073534.6 21400 (800) 0.61 (0.05) 50 (10)
SDSS J110106.35+134622.7 26000 (2000) 0.55 (0.09) 17 (3)
SDSS J110150.90+360559.5 31000 (1000) 0.5 (0.1) 11 (1)
SDSS J110151.34+122241.5 20400 (800) 0.5 (0.06) 42 (7)
SDSS J110517.60+385125.8 10000 (300) 0.601 (0.008) 560 (30)
SDSS J110529.79−164719.4 26000 (1000) 0.62 (0.08) 20 (4)
SDSS J110634.39+073712.2 36200 (600) 0.57 (0.03) 7.2 (0.3)
SDSS J110736.89+612232.9 13000 (1000) 1.1 (0.1) 1300 (700)
SDSS J110738.06+380051.4 9800 (300) 0.6 (0.008) 600 (40)
SDSS J110749.81+290940.0 8400 (300) 0.596 (0.008) 880 (50)
SDSS J110750.15+050559.0 19500 (500) 0.5 (0.04) 51 (5)
SDSS J110758.95+275346.3 20000 (2000) 0.6 (0.2) 60 (30)
SDSS J110759.75+204110.6 18400 (600) 0.56 (0.06) 80 (20)
SDSS J110818.06+533307.6 15500 (600) 0.52 (0.06) 140 (20)
SDSS J110826.47+092721.5 44000 (2000) 0.57 (0.06) 4.8 (0.5)
SDSS J110843.04+312356.1 28500 (500) 0.66 (0.04) 15 (1)
SDSS J110843.58+115515.9 38100 (900) 0.74 (0.04) 5.4 (0.3)
SDSS J110854.23−145147.1 6100 (200) 0.59 (0.008) 2100 (200)
SDSS J110938.04+323938.6 22700 (800) 0.56 (0.05) 32 (5)
SDSS J110957.02+330245.8 20600 (900) 0.5 (0.07) 40 (8)
SDSS J111002.56+100637.1 12500 (400) 0.607 (0.008) 320 (20)
SDSS J111021.03+304737.4 9300 (300) 0.599 (0.008) 680 (40)
SDSS J111048.27+640759.3 9900 (300) 0.6 (0.008) 590 (30)
SDSS J111331.84+202013.0 10700 (300) 0.602 (0.008) 480 (30)
SDSS J111400.91+451823.1 15000 (1000) 0.45 (0.1) 130 (30)
SDSS J111419.28+083829.0 12800 (600) 0.88 (0.05) 580 (100)
SDSS J111424.66+334123.7 9100 (300) 0.598 (0.008) 730 (40)
SDSS J111501.52−120322.0 10900 (300) 0.603 (0.008) 460 (30)
SDSS J111530.01+664300.9 10600 (300) 0.602 (0.008) 500 (30)
SDSS J111615.74+590509.3 17800 (800) 0.67 (0.07) 130 (20)
SDSS J111710.54−125540.9 10700 (300) 0.602 (0.008) 480 (30)
SDSS J111714.87+095415.2 11100 (300) 0.603 (0.008) 440 (30)
SDSS J111714.96+095415.7 17700 (400) 0.58 (0.03) 100 (10)
SDSS J111715.71+110737.8 15500 (500) 0.52 (0.06) 140 (20)
SDSS J111735.12+012939.8 10100 (300) 0.601 (0.008) 550 (30)
SDSS J111810.20+131338.5 36000 (1000) 0.73 (0.06) 6.4 (0.5)
SDSS J111914.19+380159.7 18900 (800) 0.55 (0.07) 70 (10)
SDSS J111933.38+374411.3 12000 (2000) 0.5 (0.2) 200 (100)
SDSS J112048.76+381905.6 17700 (600) 0.45 (0.05) 70 (10)
SDSS J112104.75+602535.0 9900 (300) 0.6 (0.008) 580 (30)
SDSS J112307.36+003216.1 15900 (700) 0.48 (0.07) 110 (20)
SDSS J112357.73−011027.5 22000 (800) 0.5 (0.05) 31 (4)
SDSS J112409.44+590935.8 9800 (300) 0.6 (0.008) 610 (40)
SDSS J112623.88+010856.9 16800 (700) 0.48 (0.07) 90 (20)
SDSS J112636.77+145829.8 15200 (600) 0.47 (0.06) 130 (20)
SDSS J112651.03−081640.1 14000 (6000) 1.1 (0.4) 1000 (2000)
SDSS J112722.01+424933.6 10700 (300) 0.602 (0.008) 480 (30)
SDSS J112748.27−002859.9 12600 (500) 0.79 (0.06) 470 (70)
SDSS J112840.73+084117.5 26000 (1000) 0.61 (0.06) 19 (3)
SDSS J112909.50+663704.4 16700 (400) 0.52 (0.04) 104 (10)
SDSS J112927.53−081526.9 42000 (1000) 0.48 (0.04) 6.3 (0.5)
SDSS J113139.06−032127.2 15200 (500) 0.53 (0.05) 140 (20)
SDSS J113202.12+611325.7 11000 (300) 0.603 (0.008) 450 (30)
SDSS J113212.68+583743.8 21400 (800) 0.52 (0.05) 36 (6)
SDSS J113309.03−012930.7 9000 (300) 0.598 (0.008) 740 (40)
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SDSS J113511.14+000923.9 9400 (300) 0.599 (0.008) 660 (40)
SDSS J113511.35+601356.8 13000 (400) 0.67 (0.04) 330 (30)
SDSS J113557.51+010310.4 10200 (300) 0.601 (0.008) 540 (30)
SDSS J113600.68+001212.3 36000 (1000) 0.74 (0.09) 6 (1)
SDSS J113655.17+040952.7 12500 (400) 0.607 (0.008) 320 (20)
SDSS J113800.35−001144.5 11000 (300) 0.603 (0.008) 450 (30)
SDSS J113829.10+202040.2 15900 (500) 0.58 (0.05) 150 (20)
SDSS J113833.14+351825.9 10300 (300) 0.601 (0.008) 540 (30)
SDSS J113907.58+511103.7 19600 (800) 0.47 (0.07) 45 (9)
SDSS J114012.10+301308.8 31000 (1000) 0.65 (0.1) 10 (1)
SDSS J114049.41−025712.4 13000 (1000) 0.58 (0.09) 250 (60)
SDSS J114055.95+301828.0 15400 (600) 0.48 (0.06) 130 (20)
SDSS J114349.96+501020.2 21800 (500) 0.55 (0.03) 36 (4)
SDSS J114415.65+455700.2 19900 (600) 0.56 (0.05) 58 (9)
SDSS J114716.08+293930.3 16600 (500) 0.65 (0.05) 150 (20)
SDSS J114734.58+142658.9 53000 (3000) 0.48 (0.05) 4.2 (0.4)
SDSS J114735.93+291503.4 13100 (800) 0.7 (0.08) 340 (60)
SDSS J114832.46+034934.4 11700 (400) 0.605 (0.008) 380 (20)
SDSS J114852.51+440441.7 14000 (1000) 0.8 (0.1) 380 (100)
SDSS J115053.41+062049.5 27500 (700) 0.62 (0.05) 16 (2)
SDSS J115156.94−000725.5 10700 (300) 0.602 (0.008) 480 (30)
SDSS J115218.24+274825.9 15900 (600) 0.57 (0.06) 140 (20)
SDSS J115411.78+543251.4 36000 (1000) 0.71 (0.08) 6.3 (0.6)
SDSS J115554.24−025127.6 12400 (500) 0.64 (0.07) 360 (50)
SDSS J115848.88+171553.1 24900 (700) 0.58 (0.03) 23 (2)
SDSS J115904.92+112716.2 16900 (700) 0.54 (0.07) 100 (20)
SDSS J120455.43+133715.7 14000 (4000) 0.9 (0.2) 600 (400)
SDSS J120507.97+031234.4 12800 (600) 0.77 (0.07) 440 (70)
SDSS J120536.22+425608.1 17700 (400) 0.69 (0.04) 140 (10)
SDSS J120909.36+651020.8 12900 (900) 0.7 (0.1) 350 (90)
SDSS J121033.61+185346.2 10700 (300) 0.602 (0.008) 480 (30)
SDSS J121048.46+054924.2 10400 (300) 0.602 (0.008) 510 (30)
SDSS J121107.93+034216.7 28900 (500) 0.52 (0.05) 12.8 (0.5)
SDSS J121119.41+415555.3 30300 (600) 0.61 (0.06) 10.9 (0.6)
SDSS J121130.94−024954.5 15000 (900) 0.55 (0.09) 160 (30)
SDSS J121318.15+510247.4 15600 (500) 0.52 (0.05) 130 (10)
SDSS J121324.26+380405.2 16000 (2000) 0.8 (0.1) 280 (100)
SDSS J121356.87+363531.0 30100 (600) 0.49 (0.05) 11.7 (0.4)
SDSS J121423.12+410538.9 14000 (5000) 1 (0.3) 700 (900)
SDSS J122007.62+631628.6 18000 (2000) 0.7 (0.2) 140 (70)
SDSS J122024.13+231721.8 30300 (500) 0.53 (0.04) 11.4 (0.4)
SDSS J122037.07+492334.2 9400 (300) 0.599 (0.008) 670 (40)
SDSS J122105.35+492720.5 36100 (600) 0.64 (0.03) 6.6 (0.2)
SDSS J122149.09+285628.2 11800 (400) 0.605 (0.008) 370 (20)
SDSS J122325.50+281143.6 20800 (800) 0.65 (0.06) 70 (10)
SDSS J122339.61−005631.2 12800 (400) 0.608 (0.008) 300 (20)
SDSS J122514.93+292523.2 16100 (600) 0.67 (0.06) 180 (20)
SDSS J122553.02+010356.1 8800 (300) 0.598 (0.008) 790 (40)
SDSS J122758.25+043123.4 14000 (1000) 0.8 (0.1) 340 (80)
SDSS J122906.21+252232.2 25000 (1000) 0.59 (0.06) 20 (4)
SDSS J123022.53+390843.8 9000 (300) 0.598 (0.008) 740 (40)
SDSS J123027.65+535323.6 9900 (300) 0.6 (0.008) 590 (30)
SDSS J123152.96+553525.5 10900 (300) 0.603 (0.008) 460 (30)
SDSS J123223.81+380858.7 26600 (700) 0.95 (0.05) 74 (10)
SDSS J123406.87+443115.3 27900 (600) 0.56 (0.04) 14.1 (0.7)
SDSS J123409.18+193630.8 16500 (500) 0.56 (0.06) 120 (20)
SDSS J123522.27+061854.2 13000 (400) 0.608 (0.008) 290 (20)
SDSS J123528.65+003042.2 9900 (300) 0.6 (0.008) 580 (30)
SDSS J123539.84+254142.3 16000 (1000) 0.79 (0.1) 230 (50)
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SDSS J123749.24+614343.8 15800 (700) 0.62 (0.07) 170 (30)
SDSS J123834.37+362742.0 12200 (400) 0.606 (0.008) 340 (20)
SDSS J123836.35−004042.3 44000 (1000) 0.63 (0.05) 4.4 (0.3)
SDSS J123902.93+654934.6 20800 (500) 0.49 (0.04) 38 (4)
SDSS J123942.13+483038.0 13000 (2000) 0.5 (0.1) 240 (80)
SDSS J124053.33+303428.1 28000 (1000) 0.51 (0.07) 13.5 (1)
SDSS J124054.82+434043.5 17900 (500) 0.6 (0.05) 100 (10)
SDSS J124140.76+600711.4 9800 (300) 0.6 (0.008) 600 (40)
SDSS J124141.37+140539.5 30300 (900) 0.63 (0.08) 11 (1)
SDSS J124216.23+640859.7 9900 (300) 0.6 (0.008) 580 (30)
SDSS J124246.16−063919.9 10500 (300) 0.602 (0.008) 500 (30)
SDSS J124254.62+450658.6 13000 (1000) 0.95 (0.09) 800 (300)
SDSS J124356.79−064758.4 16300 (400) 0.6 (0.04) 140 (10)
SDSS J124611.85+325059.5 14000 (3000) 0.8 (0.2) 400 (200)
SDSS J124808.93+605726.4 22700 (600) 0.58 (0.03) 35 (4)
SDSS J124831.79+435318.4 16000 (2000) 0.9 (0.2) 300 (100)
SDSS J124919.23+280459.1 13000 (3000) 0.8 (0.2) 500 (400)
SDSS J124920.58+341631.4 18000 (1000) 0.5 (0.1) 50 (20)
SDSS J124935.09+375132.9 8400 (300) 0.596 (0.008) 900 (50)
SDSS J124945.15+495752.8 8600 (300) 0.597 (0.008) 830 (50)
SDSS J125108.43+344050.5 19000 (1000) 0.6 (0.1) 100 (30)
SDSS J125109.24+004321.1 16000 (1000) 0.6 (0.1) 170 (60)
SDSS J125146.04+290906.4 17800 (600) 0.69 (0.06) 140 (20)
SDSS J125207.17+012156.8 29000 (900) 0.46 (0.08) 12.8 (0.7)
SDSS J125207.48+444827.8 23000 (2000) 0.9 (0.2) 110 (50)
SDSS J125341.55+103414.0 16100 (400) 0.54 (0.05) 120 (10)
SDSS J125354.17+581327.5 17000 (700) 0.56 (0.07) 110 (20)
SDSS J125427.55+291531.6 17000 (1000) 0.5 (0.1) 90 (30)
SDSS J125514.36+115600.0 7700 (200) 0.594 (0.008) 1110 (70)
SDSS J125519.74+025423.8 9700 (300) 0.6 (0.008) 610 (30)
SDSS J125622.69+182631.5 16900 (800) 0.5 (0.08) 90 (20)
SDSS J125642.38+204201.8 23000 (1000) 0.48 (0.06) 24 (3)
SDSS J125645.48+252241.7 24000 (1000) 1.08 (0.07) 150 (20)
SDSS J125716.07+423654.8 20400 (800) 0.57 (0.07) 50 (10)
SDSS J125740.05+130514.3 43000 (1000) 0.52 (0.04) 5.7 (0.4)
SDSS J125757.88+545841.0 30000 (1000) 0.59 (0.1) 11 (1)
SDSS J125820.85+380926.9 28900 (800) 0.48 (0.07) 13.1 (0.6)
SDSS J125919.51+321935.5 8000 (200) 0.595 (0.008) 1010 (60)
SDSS J125944.60+154456.2 11000 (300) 0.603 (0.008) 450 (30)
SDSS J130012.49+190857.4 8000 (200) 0.595 (0.008) 1010 (60)
SDSS J130132.20+050535.5 22000 (1000) 0.52 (0.09) 35 (9)
SDSS J130251.12+442918.4 18700 (700) 0.54 (0.07) 70 (10)
SDSS J130339.00+185553.0 14900 (800) 0.62 (0.07) 200 (40)
SDSS J130403.64+144955.6 14000 (7000) 1.1 (0.4) 1000 (1000)
SDSS J130439.18+292228.9 19000 (1000) 0.45 (0.1) 50 (10)
SDSS J130558.92+251449.8 25400 (800) 0.7 (0.04) 30 (6)
SDSS J130956.38+292805.0 21600 (700) 0.53 (0.04) 35 (4)
SDSS J131033.52+533032.5 37000 (2000) 0.71 (0.09) 5.8 (0.6)
SDSS J131208.11+002058.0 17900 (500) 0.55 (0.05) 90 (10)
SDSS J131227.94+161505.3 9000 (300) 0.598 (0.008) 740 (40)
SDSS J131249.46+592718.1 19100 (600) 0.53 (0.05) 60 (10)
SDSS J131334.74+023750.8 17800 (800) 0.75 (0.09) 160 (30)
SDSS J131350.97+063432.5 28600 (800) 0.47 (0.05) 13.2 (0.6)
SDSS J131450.79+152453.5 12100 (400) 0.606 (0.008) 350 (20)
SDSS J131826.42+503357.7 12500 (400) 0.607 (0.008) 320 (20)
SDSS J131954.21+013418.1 8500 (300) 0.597 (0.008) 860 (50)
SDSS J132001.24+112805.3 10500 (300) 0.602 (0.008) 510 (30)
SDSS J132040.28+661214.8 27000 (1000) 0.65 (0.08) 19 (5)
SDSS J132117.66+040019.9 17000 (1000) 0.6 (0.1) 110 (30)
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SDSS J132341.89+541636.6 16000 (600) 0.59 (0.06) 150 (20)
SDSS J132452.03+124825.5 23000 (1000) 0.53 (0.08) 27 (6)
SDSS J132725.72+505711.0 46000 (2000) 0.54 (0.04) 4.8 (0.4)
SDSS J132830.93+125941.4 21300 (700) 0.5 (0.05) 35 (4)
SDSS J132914.90+114723.1 10200 (300) 0.601 (0.008) 540 (30)
SDSS J133057.91+455224.5 15000 (2000) 0.5 (0.1) 140 (60)
SDSS J133111.63+535352.4 9600 (300) 0.6 (0.008) 630 (40)
SDSS J133146.45+183225.2 20600 (500) 0.6 (0.03) 60 (8)
SDSS J133607.08+290426.4 22500 (1000) 0.58 (0.06) 35 (8)
SDSS J133608.60+150143.2 12700 (400) 0.607 (0.008) 310 (20)
SDSS J133613.07+124613.3 13000 (1000) 0.61 (0.08) 270 (60)
SDSS J133722.74+202855.0 22500 (900) 0.58 (0.06) 35 (7)
SDSS J133830.07+102034.7 14800 (900) 0.55 (0.08) 170 (30)
SDSS J133953.89+015614.9 20600 (900) 0.66 (0.07) 70 (20)
SDSS J134008.04+082248.5 12400 (400) 0.607 (0.008) 330 (20)
SDSS J134100.04+602610.5 44000 (1000) 0.61 (0.03) 4.4 (0.2)
SDSS J134145.54+284649.9 15400 (800) 0.55 (0.08) 150 (30)
SDSS J134208.95+044852.7 12200 (400) 0.606 (0.008) 350 (20)
SDSS J134406.32+212040.4 22000 (1000) 0.53 (0.07) 32 (6)
SDSS J134428.42+052455.0 9100 (300) 0.598 (0.008) 720 (40)
SDSS J134451.11+411036.3 25000 (1000) 0.53 (0.05) 20 (2)
SDSS J134520.62+174805.4 17700 (700) 0.46 (0.07) 70 (10)
SDSS J134557.68+330050.7 9300 (300) 0.599 (0.008) 690 (40)
SDSS J134721.81+270724.9 22500 (800) 0.55 (0.05) 31 (5)
SDSS J134725.84+084858.3 12100 (400) 0.606 (0.008) 350 (20)
SDSS J134841.61+183410.5 15900 (400) 0.62 (0.04) 170 (20)
SDSS J134942.50+473001.7 24700 (700) 0.64 (0.04) 28 (4)
SDSS J135039.55+261511.7 21200 (900) 0.55 (0.06) 41 (9)
SDSS J135207.78+185033.8 10200 (300) 0.601 (0.008) 540 (30)
SDSS J135228.15+452932.1 28500 (700) 0.57 (0.06) 13.2 (0.8)
SDSS J135643.56−085809.0 13000 (1000) 0.59 (0.09) 270 (60)
SDSS J135930.96−101029.7 16000 (400) 0.57 (0.04) 140 (10)
SDSS J135935.59+362359.9 16600 (500) 0.54 (0.05) 110 (20)
SDSS J140155.82+193118.2 20300 (700) 0.47 (0.05) 40 (6)
SDSS J140534.93+040906.7 12900 (700) 0.57 (0.08) 270 (50)
SDSS J140544.82+600537.0 36000 (2000) 0.8 (0.1) 7 (2)
SDSS J140728.14+364202.2 18100 (800) 0.48 (0.07) 70 (10)
SDSS J140847.14+295045.0 29100 (600) 0.52 (0.05) 12.6 (0.5)
SDSS J141052.79+375435.7 9700 (300) 0.6 (0.008) 620 (30)
SDSS J141057.74−020236.7 30300 (600) 0.47 (0.06) 11.9 (0.7)
SDSS J141134.70+102839.8 30000 (800) 0.48 (0.07) 11.8 (0.7)
SDSS J141451.74−013242.8 14000 (3000) 0.8 (0.2) 400 (200)
SDSS J141635.71+360006.6 16300 (800) 0.48 (0.08) 100 (20)
SDSS J141927.30+470657.0 28800 (700) 0.71 (0.05) 16 (3)
SDSS J142522.83+210940.6 18600 (500) 0.51 (0.04) 65 (7)
SDSS J142541.32+023047.4 12600 (700) 0.66 (0.09) 350 (60)
SDSS J142557.28+442554.2 18300 (500) 0.621 (0.009) 102 (8)
SDSS J142610.28+600153.5 19000 (1000) 0.49 (0.08) 50 (10)
SDSS J142823.33+302655.9 14000 (2000) 0.8 (0.1) 400 (200)
SDSS J142824.52+455730.0 12500 (600) 0.55 (0.08) 280 (40)
SDSS J142825.00+554944.7 16600 (800) 0.64 (0.08) 150 (30)
SDSS J142917.87+285103.0 21000 (1000) 0.54 (0.1) 40 (10)
SDSS J143017.23−024034.2 10600 (300) 0.602 (0.008) 490 (30)
SDSS J143043.97+111317.4 20900 (1000) 0.59 (0.07) 50 (10)
SDSS J143137.37+203843.3 16000 (1000) 0.61 (0.1) 170 (40)
SDSS J143143.83+565728.2 9500 (300) 0.599 (0.008) 650 (40)
SDSS J143231.23+065222.3 32000 (800) 0.7 (0.07) 10 (1)
SDSS J143443.25+533521.2 22400 (600) 0.52 (0.03) 29 (3)
SDSS J143633.67+615436.9 17000 (1000) 0.7 (0.1) 140 (40)
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SDSS J143717.65+242802.8 20000 (1000) 0.48 (0.09) 40 (10)
SDSS J143746.70+573706.1 17100 (800) 0.57 (0.08) 110 (20)
SDSS J143809.13+330905.1 22600 (600) 0.57 (0.03) 33 (4)
SDSS J143826.04+421111.6 11600 (300) 0.605 (0.008) 390 (20)
SDSS J144149.17+360225.8 18000 (800) 0.51 (0.08) 70 (20)
SDSS J144253.26+633216.4 16300 (1000) 0.51 (0.1) 110 (30)
SDSS J144600.37+000817.1 11400 (300) 0.604 (0.008) 410 (20)
SDSS J144600.72+332850.0 29600 (400) 0.54 (0.03) 12 (0.3)
SDSS J144655.55+132810.2 24000 (1000) 0.56 (0.08) 23 (5)
SDSS J144656.54+411154.9 13900 (600) 1.04 (0.06) 800 (100)
SDSS J144846.85+071304.3 12800 (400) 0.608 (0.008) 300 (20)
SDSS J144921.19+352431.0 12300 (600) 0.65 (0.08) 370 (60)
SDSS J145040.50+554321.4 16100 (400) 0.46 (0.04) 100 (10)
SDSS J145051.87+414317.1 18300 (600) 0.5 (0.05) 70 (10)
SDSS J145210.98+184846.6 13500 (400) 0.609 (0.008) 260 (20)
SDSS J145248.80+234807.6 24100 (900) 0.59 (0.06) 26 (5)
SDSS J145331.70+405844.2 18100 (400) 0.5 (0.04) 70 (8)
SDSS J145430.03+203902.6 22000 (1000) 0.52 (0.08) 29 (7)
SDSS J145527.72+611504.8 9900 (300) 0.6 (0.008) 580 (30)
SDSS J145530.63+170317.8 16400 (500) 0.49 (0.06) 100 (10)
SDSS J145632.77+482446.2 28700 (700) 0.54 (0.06) 13.1 (0.6)
SDSS J145642.72+053101.9 9200 (300) 0.599 (0.008) 700 (40)
SDSS J145722.85−012121.2 8900 (300) 0.598 (0.008) 760 (40)
SDSS J145814.81+001242.7 10200 (300) 0.601 (0.008) 540 (30)
SDSS J145848.23+102725.6 25800 (1000) 0.6 (0.06) 20 (3)
SDSS J150231.66+011046.0 15000 (900) 0.61 (0.07) 200 (30)
SDSS J150232.43+174403.6 13900 (900) 0.68 (0.07) 280 (50)
SDSS J150438.86+321443.5 25000 (2000) 0.48 (0.1) 19 (3)
SDSS J150626.49+275924.5 25000 (1000) 0.56 (0.07) 23 (4)
SDSS J150648.12+002716.4 30000 (1000) 0.7 (0.1) 14 (5)
SDSS J150700.50+481136.6 12200 (700) 0.82 (0.07) 600 (100)
SDSS J150840.52+154231.9 23200 (900) 0.6 (0.06) 33 (7)
SDSS J150919.21+431343.9 27000 (2000) 0.7 (0.1) 21 (9)
SDSS J151030.32+174733.2 15000 (1000) 0.6 (0.1) 190 (50)
SDSS J151042.65+273510.3 12800 (400) 0.608 (0.008) 300 (20)
SDSS J151045.70+404827.1 8600 (300) 0.597 (0.008) 850 (50)
SDSS J151046.75+022159.2 12300 (500) 0.6 (0.09) 330 (50)
SDSS J151058.76+004112.7 15000 (4000) 1.2 (0.3) 1000 (1000)
SDSS J151212.08+015230.5 12100 (600) 0.7 (0.1) 410 (80)
SDSS J151426.90+285720.5 21700 (1000) 0.45 (0.06) 29 (4)
SDSS J151637.62+120701.4 15600 (700) 0.66 (0.07) 190 (30)
SDSS J151752.86+531455.6 30300 (800) 0.63 (0.07) 11 (1)
SDSS J151852.45+074459.4 19000 (1000) 0.5 (0.1) 50 (20)
SDSS J151921.73+353625.9 20200 (500) 0.59 (0.03) 61 (8)
SDSS J151941.20+392137.6 14000 (1000) 0.76 (0.09) 360 (90)
SDSS J152002.85+081231.0 14000 (600) 1.09 (0.05) 900 (200)
SDSS J152033.43+063443.0 12000 (1000) 0.96 (0.07) 1000 (300)
SDSS J152116.98+420159.3 32200 (800) 0.49 (0.06) 10.2 (0.6)
SDSS J152121.75+321111.9 9300 (300) 0.599 (0.008) 690 (40)
SDSS J152155.42+081102.5 27000 (1000) 0.56 (0.07) 16 (2)
SDSS J152245.10+383746.3 8800 (300) 0.598 (0.008) 790 (40)
SDSS J152340.80+243451.0 40000 (2000) 0.58 (0.08) 5.8 (0.7)
SDSS J152354.70+403943.3 17300 (900) 0.6 (0.08) 120 (30)
SDSS J152359.22+460448.9 8200 (200) 0.596 (0.008) 940 (50)
SDSS J152425.21+504009.8 20400 (600) 0.7 (0.05) 90 (10)
SDSS J152716.46+242539.0 19000 (1000) 0.49 (0.09) 50 (10)
SDSS J152717.25+002413.4 13300 (400) 0.609 (0.008) 270 (20)
SDSS J152744.11+100722.5 33000 (400) 0.63 (0.03) 8.5 (0.2)
SDSS J152804.92+331012.1 16000 (1000) 0.7 (0.1) 210 (50)
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J152821.46+344314.9 26000 (1000) 0.67 (0.06) 22 (5)
SDSS J152852.32+492054.7 9400 (300) 0.599 (0.008) 660 (40)
SDSS J152952.54+550954.3 12500 (400) 0.607 (0.008) 320 (20)
SDSS J153113.99+250318.1 8900 (300) 0.598 (0.008) 760 (40)
SDSS J153140.82+112525.6 15000 (1000) 0.57 (0.09) 170 (40)
SDSS J153202.92+270520.0 12500 (900) 0.78 (0.09) 500 (100)
SDSS J153314.27+274408.0 9900 (300) 0.6 (0.008) 580 (30)
SDSS J153329.88+033301.7 16200 (500) 0.52 (0.06) 110 (20)
SDSS J153404.31+412026.1 35800 (700) 0.52 (0.04) 8 (0.4)
SDSS J153421.88+391550.0 9600 (300) 0.6 (0.008) 640 (40)
SDSS J153642.56+210747.5 36400 (800) 0.58 (0.05) 6.9 (0.4)
SDSS J153648.31+010249.1 12000 (1000) 0.88 (0.09) 700 (200)
SDSS J153851.82+380741.6 11800 (400) 0.605 (0.008) 370 (20)
SDSS J153924.25+013537.3 9000 (300) 0.598 (0.008) 740 (40)
SDSS J154005.74+121937.7 34000 (500) 0.61 (0.04) 7.8 (0.3)
SDSS J154124.61+331409.7 15000 (2000) 0.5 (0.2) 140 (60)
SDSS J154136.48+271635.5 10100 (300) 0.601 (0.008) 560 (30)
SDSS J154140.50+222710.1 10100 (300) 0.601 (0.008) 550 (30)
SDSS J154156.56+161511.5 20500 (700) 0.56 (0.05) 50 (9)
SDSS J154344.06+060135.1 10200 (300) 0.601 (0.008) 540 (30)
SDSS J154349.32+145418.4 17800 (1000) 0.8 (0.1) 170 (40)
SDSS J154443.99+012933.4 29000 (1000) 0.6 (0.1) 13 (2)
SDSS J154543.32+330708.4 23000 (2000) 1 (0.2) 140 (50)
SDSS J154706.72+301301.2 22100 (1000) 0.54 (0.07) 33 (6)
SDSS J154843.80+372749.8 8000 (200) 0.595 (0.008) 1000 (60)
SDSS J154846.00+405728.9 11800 (400) 0.605 (0.008) 370 (20)
SDSS J155040.54+052150.3 12700 (900) 0.6 (0.1) 330 (80)
SDSS J155135.79+341440.2 35000 (1000) 0.51 (0.07) 8.7 (0.8)
SDSS J155205.60+433825.9 36000 (1000) 0.51 (0.07) 7.9 (0.7)
SDSS J155332.87+045735.2 10700 (300) 0.602 (0.008) 490 (30)
SDSS J155521.15+411650.2 31300 (500) 0.6 (0.05) 9.9 (0.4)
SDSS J155554.25+545417.4 28600 (800) 0.72 (0.07) 18 (4)
SDSS J155615.54+264607.0 19000 (1000) 0.5 (0.1) 60 (20)
SDSS J155712.06+151534.3 44000 (1000) 0.7 (0.05) 4 (0.3)
SDSS J155720.69+144217.7 12200 (400) 0.51 (0.07) 270 (30)
SDSS J155735.37+155817.2 45000 (1000) 0.59 (0.04) 4.6 (0.3)
SDSS J155742.68+362820.6 14000 (3000) 1 (0.2) 700 (500)
SDSS J155853.22+023138.3 18100 (400) 0.57 (0.03) 90 (10)
SDSS J160059.83+362609.9 23000 (600) 0.58 (0.03) 31 (4)
SDSS J160132.22+063901.7 9900 (300) 0.6 (0.008) 580 (30)
SDSS J160224.06+111252.1 17100 (600) 0.46 (0.06) 80 (10)
SDSS J160635.90+233143.9 36000 (2000) 0.7 (0.1) 6 (1)
SDSS J160645.02+284726.0 12900 (900) 1 (0.07) 1000 (300)
SDSS J160655.28+424526.4 31500 (600) 0.6 (0.05) 9.8 (0.4)
SDSS J160659.76+421708.5 36000 (1000) 0.7 (0.08) 6.2 (0.5)
SDSS J160821.48+085149.9 9900 (300) 0.6 (0.008) 580 (30)
SDSS J161104.06+163947.7 27400 (900) 0.64 (0.07) 17 (3)
SDSS J161113.14+464044.3 10300 (300) 0.601 (0.008) 530 (30)
SDSS J161131.70+001018.1 34000 (1000) 0.71 (0.09) 8 (1)
SDSS J161145.89+010327.8 10400 (300) 0.602 (0.008) 520 (30)
SDSS J161230.67+301718.7 15000 (800) 0.6 (0.08) 190 (40)
SDSS J161239.06+455132.2 12700 (900) 0.85 (0.08) 600 (100)
SDSS J161320.58+195827.7 13000 (400) 0.608 (0.008) 290 (20)
SDSS J161505.51+235746.4 12900 (600) 0.68 (0.07) 350 (50)
SDSS J161551.60+454048.6 9900 (300) 0.6 (0.008) 580 (30)
SDSS J161658.23+171356.0 11000 (300) 0.603 (0.008) 450 (30)
SDSS J161821.45+184832.6 9500 (300) 0.599 (0.008) 660 (40)
SDSS J161931.75+005731.0 9200 (300) 0.599 (0.008) 710 (40)
SDSS J162324.06+343647.7 7900 (200) 0.595 (0.008) 1040 (60)
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J162351.64+403211.3 45000 (2000) 0.67 (0.05) 4 (0.3)
SDSS J162354.46+630640.4 9200 (300) 0.598 (0.008) 710 (40)
SDSS J162408.06+364858.5 23800 (800) 0.59 (0.05) 28 (5)
SDSS J162425.20−010902.0 17000 (2000) 0.5 (0.2) 80 (30)
SDSS J162431.67−002248.3 22200 (800) 0.59 (0.06) 39 (7)
SDSS J162444.42+120825.8 21000 (1000) 0.5 (0.1) 40 (10)
SDSS J162449.00+321702.0 90000 (5000) 0.59 (0.06) 100 (100)
SDSS J162552.91+640024.9 8900 (300) 0.598 (0.008) 770 (40)
SDSS J162648.56+232604.0 46000 (2000) 0.64 (0.06) 3.9 (0.3)
SDSS J162800.64+290058.7 18200 (900) 0.56 (0.08) 80 (20)
SDSS J162823.64+244159.7 32000 (1000) 0.5 (0.1) 11 (1)
SDSS J163008.85+130238.8 10900 (300) 0.603 (0.008) 450 (30)
SDSS J163014.51+125214.1 27600 (700) 0.65 (0.05) 17 (2)
SDSS J163223.55+632801.7 17100 (600) 0.52 (0.06) 100 (20)
SDSS J163459.43+311235.6 29000 (2000) 0.5 (0.1) 13 (1)
SDSS J163544.75+620156.3 18100 (500) 0.58 (0.05) 90 (10)
SDSS J163708.04+474600.0 14800 (600) 0.48 (0.06) 140 (20)
SDSS J163725.76+251027.4 17000 (4000) 0.8 (0.2) 200 (100)
SDSS J163806.19+363557.6 28000 (1000) 0.45 (0.07) 14 (1)
SDSS J163831.67+292236.9 22100 (1000) 0.46 (0.06) 28 (4)
SDSS J164205.84+382218.2 45000 (2000) 0.57 (0.06) 4.7 (0.5)
SDSS J164615.60+422349.3 18200 (700) 0.63 (0.06) 110 (20)
SDSS J164746.27+131923.4 33900 (500) 0.6 (0.04) 8 (0.3)
SDSS J164750.42+250144.7 17000 (700) 0.78 (0.07) 200 (30)
SDSS J165005.16+390426.3 29100 (700) 0.68 (0.07) 14 (2)
SDSS J165149.80+295600.7 34000 (1000) 0.55 (0.08) 8.5 (0.7)
SDSS J165240.75+134015.1 10500 (300) 0.602 (0.008) 500 (30)
SDSS J165447.76+131651.3 17200 (600) 0.52 (0.06) 90 (10)
SDSS J165717.36+131032.3 10700 (300) 0.602 (0.008) 480 (30)
SDSS J165802.33+391611.1 10200 (300) 0.601 (0.008) 540 (30)
SDSS J165937.16+272339.1 16200 (700) 0.57 (0.07) 130 (20)
SDSS J170127.37+253302.7 18900 (800) 0.53 (0.07) 60 (10)
SDSS J170459.71+384433.0 20700 (800) 0.53 (0.06) 43 (8)
SDSS J170509.66+210904.4 24200 (800) 0.55 (0.05) 23 (3)
SDSS J170546.61+274028.4 17600 (500) 0.54 (0.05) 90 (10)
SDSS J170618.17+230838.6 10700 (300) 0.602 (0.008) 480 (30)
SDSS J170624.94+232815.4 8800 (300) 0.598 (0.008) 780 (40)
SDSS J170947.13+293111.8 10900 (300) 0.603 (0.008) 460 (30)
SDSS J171145.43+555444.5 35600 (800) 0.55 (0.05) 7.6 (0.6)
SDSS J171411.14+294508.2 23000 (2000) 0.7 (0.2) 50 (30)
SDSS J171611.13+544346.4 18700 (700) 0.61 (0.06) 90 (20)
SDSS J171707.20+594550.1 21800 (800) 0.57 (0.06) 39 (8)
SDSS J171810.16+610114.0 18900 (800) 0.46 (0.07) 50 (10)
SDSS J171955.23+625106.8 17200 (900) 0.61 (0.09) 130 (30)
SDSS J172008.59+565211.8 22000 (3000) 1 (0.3) 200 (100)
SDSS J172211.69+281538.8 44000 (1000) 0.61 (0.04) 4.4 (0.3)
SDSS J172234.54+321238.8 17800 (400) 0.56 (0.03) 90 (10)
SDSS J172433.70+623410.0 24300 (900) 0.46 (0.05) 20 (2)
SDSS J172439.06+551600.1 10300 (300) 0.601 (0.008) 530 (30)
SDSS J172601.55+560527.1 20400 (900) 0.83 (0.08) 130 (30)
SDSS J172715.57+542938.2 14000 (4000) 0.9 (0.2) 500 (400)
SDSS J172744.58+585415.4 33000 (1000) 0.66 (0.09) 8.5 (0.8)
SDSS J172831.84+620426.5 24000 (3000) 0.9 (0.2) 100 (50)
SDSS J173014.31+452642.3 19300 (600) 0.5 (0.05) 54 (8)
SDSS J173104.53+070345.0 14100 (600) 0.6 (0.07) 230 (30)
SDSS J173313.10+642739.5 23000 (2000) 0.6 (0.1) 30 (10)
SDSS J173338.91+634110.7 28000 (2000) 0.53 (0.08) 15 (2)
SDSS J173430.11+335407.5 7000 (200) 0.592 (0.008) 1430 (90)
SDSS J173444.93+335629.6 34200 (1000) 0.5 (0.07) 8.8 (0.7)
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J173727.27+540352.2 14000 (1000) 0.6 (0.1) 230 (60)
SDSS J173849.76+635042.1 15500 (900) 0.61 (0.1) 170 (40)
SDSS J174439.20+244258.5 26000 (2000) 0.54 (0.1) 18 (3)
SDSS J174833.40+243139.6 25700 (900) 0.71 (0.06) 30 (7)
SDSS J183329.19+643151.7 52000 (2000) 0.63 (0.03) 3.2 (0.2)
SDSS J183337.46+404027.3 45000 (1000) 0.7 (0.04) 3.8 (0.2)
SDSS J183453.08+413757.7 9800 (300) 0.6 (0.008) 600 (30)
SDSS J183816.49+403055.1 10300 (300) 0.601 (0.008) 530 (30)
SDSS J191911.34+370319.0 17200 (700) 0.53 (0.06) 100 (20)
SDSS J192306.01+620310.7 17000 (2000) 0.6 (0.1) 110 (40)
SDSS J192357.24+374835.4 18100 (600) 0.51 (0.05) 70 (10)
SDSS J194849.45+771640.9 13800 (400) 0.61 (0.008) 250 (20)
SDSS J201239.32+601710.3 32300 (400) 0.6 (0.02) 9.1 (0.2)
SDSS J202309.01+142422.9 18800 (900) 0.62 (0.08) 90 (20)
SDSS J205059.37−000254.3 18700 (900) 0.77 (0.09) 150 (30)
SDSS J205316.52−010616.6 25000 (2000) 0.5 (0.1) 19 (4)
SDSS J210426.92+101813.8 24000 (1000) 0.9 (0.08) 90 (20)
SDSS J210539.65−055414.6 15800 (700) 0.59 (0.07) 160 (30)
SDSS J210624.12+004030.3 12200 (600) 0.8 (0.1) 500 (100)
SDSS J210702.30−064757.6 32600 (700) 0.49 (0.06) 9.9 (0.5)
SDSS J211043.24+093756.9 30200 (600) 0.62 (0.05) 11.1 (0.6)
SDSS J211132.77+011522.2 18000 (1000) 0.6 (0.1) 100 (30)
SDSS J211428.42−010357.2 28000 (800) 0.73 (0.06) 21 (5)
SDSS J211749.52−080020.6 28000 (2000) 0.6 (0.1) 17 (6)
SDSS J211820.21+010225.1 12600 (400) 0.607 (0.008) 320 (20)
SDSS J212051.93−005827.3 17000 (500) 0.65 (0.05) 150 (20)
SDSS J212306.35−081127.1 18000 (400) 0.56 (0.03) 88 (10)
SDSS J212949.07+114613.9 14000 (3000) 0.9 (0.2) 500 (300)
SDSS J213225.97+001430.6 16000 (2000) 0.8 (0.2) 230 (90)
SDSS J213945.21+102904.7 10400 (300) 0.602 (0.008) 520 (30)
SDSS J214536.28−003544.2 30000 (1000) 0.8 (0.1) 17 (8)
SDSS J214720.96+130227.4 22000 (2000) 0.6 (0.1) 40 (10)
SDSS J215232.22+001447.4 12400 (700) 0.6 (0.1) 330 (70)
SDSS J220031.65−071507.6 9200 (300) 0.599 (0.008) 710 (40)
SDSS J220705.42−002109.7 15000 (2000) 0.7 (0.1) 210 (70)
SDSS J221714.49+004601.3 12000 (900) 0.8 (0.1) 500 (100)
SDSS J222108.46+002927.7 18300 (700) 0.46 (0.06) 60 (10)
SDSS J222312.95+124424.4 26000 (2000) 0.7 (0.1) 30 (10)
SDSS J222703.35−000946.3 17000 (2000) 0.6 (0.2) 120 (50)
SDSS J222822.74+391239.8 20000 (1000) 0.5 (0.1) 50 (20)
SDSS J223051.15+125706.9 21000 (1000) 0.54 (0.1) 40 (10)
SDSS J223300.46+124719.1 20000 (1000) 0.6 (0.1) 70 (20)
SDSS J223727.87−091914.3 27000 (800) 0.53 (0.05) 16 (1)
SDSS J223952.92+143436.3 9500 (300) 0.599 (0.008) 640 (40)
SDSS J224055.70+005444.9 17700 (900) 0.47 (0.08) 70 (20)
SDSS J224139.03+002711.0 15300 (500) 0.48 (0.06) 120 (20)
SDSS J224254.72+215939.2 20300 (600) 0.58 (0.05) 56 (9)
SDSS J224541.29+134520.7 14000 (900) 0.9 (0.1) 500 (200)
SDSS J224915.54−101950.2 37000 (1000) 0.45 (0.08) 8.3 (0.8)
SDSS J224932.03+000645.7 9600 (300) 0.6 (0.008) 640 (40)
SDSS J225117.29+310939.9 42100 (900) 0.65 (0.03) 4.6 (0.2)
SDSS J225503.57−001548.6 23400 (800) 0.6 (0.05) 31 (5)
SDSS J225716.58+074534.3 16000 (1000) 0.5 (0.1) 130 (40)
SDSS J225847.57+071026.6 9300 (300) 0.599 (0.008) 690 (40)
SDSS J230051.74+134115.5 20000 (1000) 0.49 (0.1) 40 (10)
SDSS J230502.56+215854.2 26600 (700) 0.64 (0.05) 19 (3)
SDSS J231256.41+005035.7 18900 (900) 0.68 (0.09) 110 (20)
SDSS J231814.73+003430.3 12000 (4000) 1 (0.3) 1000 (1000)
SDSS J231825.23−093539.2 23600 (900) 0.52 (0.05) 25 (3)
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Table A2 – Continued
SDSS ID WD Teff (σWDTeff ) MWD (σMWD ) Tcool (σTcool )
(K) (M⊙) (Myr)
SDSS J232527.81−005416.7 15000 (2000) 0.8 (0.1) 300 (100)
SDSS J233215.10−084736.4 21200 (700) 0.49 (0.05) 35 (5)
SDSS J233639.08+080213.7 20000 (600) 0.63 (0.05) 70 (10)
SDSS J233928.36−002040.1 16000 (1000) 0.5 (0.1) 130 (40)
SDSS J233951.75+094956.5 12500 (500) 0.75 (0.04) 440 (40)
SDSS J234106.83+083550.3 11800 (400) 0.605 (0.008) 370 (20)
SDSS J234131.09+003749.5 10700 (300) 0.602 (0.008) 480 (30)
SDSS J234149.48+145006.5 17000 (1000) 0.6 (0.1) 150 (40)
SDSS J234158.24−094716.7 12300 (400) 0.606 (0.008) 330 (20)
SDSS J234225.67+155930.4 16900 (600) 0.76 (0.06) 190 (30)
SDSS J234257.10+144955.4 23000 (1000) 0.51 (0.09) 27 (7)
SDSS J234312.96+154106.4 9600 (300) 0.6 (0.008) 630 (40)
SDSS J234345.18+462339.8 15400 (500) 0.46 (0.06) 110 (20)
SDSS J234404.17+142904.5 17800 (900) 0.52 (0.08) 80 (20)
SDSS J234534.50−001453.7 19100 (1000) 0.55 (0.09) 70 (20)
SDSS J234649.95−002031.9 23900 (900) 0.58 (0.05) 26 (4)
SDSS J234749.84+431424.7 17300 (700) 0.69 (0.07) 150 (20)
SDSS J234929.47+435307.4 13000 (2000) 0.8 (0.2) 500 (200)
SDSS J235027.60+004358.7 9500 (300) 0.599 (0.008) 660 (40)
SDSS J235324.75+351623.3 10700 (300) 0.602 (0.008) 480 (30)
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Table A3: WD+dM Parameters III (Full): Additional parameters
SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J000109.42+255459.5 -100 (100) 100 (200) 100 (100) -220 410 0.081 8.5 no 2.20e-05
SDSS J000152.10+000644.7 -280 (80) 300 (200) 290 (80) -890 1000 0.013 0.51 yes 1.57e-04
SDSS J000250.65−045041.6 20 (20) -10 (30) -30 (20) -280 320 8.5 9600 yes 2.47e-04
SDSS J000356.93−050332.7 -90 (20) 40 (20) 30 (20) -120 150 0.4 94 yes 2.75e-04
SDSS J000421.61+004341.5 -500 (300) 200 (400) 500 (200) -310 370 0.016 0.79 no 2.39e-05
SDSS J000442.00−002011.6 -500 (400) 500 (400) -0 (200) -1500 1800 0.0038 0.079 no · · ·
SDSS J000444.35+264617.8 40 (30) -20 (50) -50 (30) -93 190 1.8 950 no 7.83e-06
SDSS J000447.78+291140.9 10 (20) -10 (30) -30 (10) -2100 3900 13 16000 no · · ·
SDSS J000453.94+265420.4 -140 (40) 70 (60) 110 (30) -190 360 0.13 18 yes 1.88e-04
SDSS J000504.92+243409.7 10 (10) -0 (20) 30 (10) -76 150 80 250000 yes 4.17e-04
SDSS J000531.10−054343.2 20 (60) -0 (100) -40 (60) -34 53 21 36000 yes 1.49e-04
SDSS J000559.87−054416.1 -70 (20) 40 (40) 60 (20) -470 530 0.48 110 yes 1.33e-04
SDSS J000651.91+284647.1 -20 (20) 10 (30) 20 (10) -110 220 4.3 3500 no 2.51e-06
SDSS J000711.41+283848.6 20 (90) -0 (200) -20 (90) -270 520 8.2 8700 yes 2.02e-04
SDSS J000829.92+273340.5 -100 (40) 70 (80) 50 (40) -200 380 0.15 22 yes 1.11e-04
SDSS J000935.50+243251.3 -130 (90) 100 (200) 100 (90) -220 390 0.098 11 no 2.99e-05
SDSS J001247.18+001048.7 -460 (20) 230 (20) 460 (20) -280 330 0.012 0.48 yes 2.52e-04
SDSS J001359.40−110838.6 -170 (80) 200 (200) 210 (80) -320 350 0.035 2.2 no · · ·
SDSS J001726.64−002451.2 100 (200) -100 (400) -100 (200) -170 210 0.16 24 yes 3.37e-04
SDSS J001733.59+004030.4 -570 (100) 300 (100) 370 (80) -230 290 0.0075 0.25 no · · ·
SDSS J001749.25−000955.4 -250 (70) 200 (100) 250 (60) -250 300 0.025 1.4 yes 3.80e-04
SDSS J001831.02−093139.1 -100 (300) 100 (100) 100 (100) -1000 1100 0.096 9.9 no · · ·
SDSS J001853.79+005021.5 -300 (300) 200 (400) 400 (200) -1000 1200 0.017 0.75 yes · · ·
SDSS J001855.20+002134.5 -300 (100) 200 (200) 420 (90) -700 810 0.013 0.57 no · · ·
SDSS J002143.78−001507.9 80 (20) -40 (30) -60 (20) -120 160 0.34 75 no 2.00e-06
SDSS J002157.91−110331.6 -300 (200) 160 (80) 130 (70) -100 120 0.023 1.3 yes 1.37e-04
SDSS J002200.04+004149.5 -100 (100) 100 (200) 100 (100) -140 180 0.13 18 yes 4.23e-04
SDSS J002620.41+144409.5 -130 (80) 100 (100) 130 (80) -60 100 0.14 21 yes 3.47e-04
SDSS J002749.99−001023.4 -130 (80) 100 (100) 140 (80) -130 160 0.14 19 no 1.26e-05
SDSS J002801.68+002137.7 -320 (80) 100 (100) 320 (80) -92 120 0.05 4.6 yes 1.59e-04
SDSS J002910.38+141310.3 -300 (200) 200 (200) 380 (100) -480 670 0.017 0.84 no · · ·
SDSS J002921.27−002032.8 -0 (200) 0 (400) -0 (200) -230 270 8 8400 no 6.38e-05
SDSS J002950.16+003225.8 -410 (100) 200 (200) 450 (90) -230 280 0.015 0.68 no 6.84e-06
SDSS J002959.94+001132.7 -450 (70) 300 (80) 340 (50) -650 750 0.0078 0.25 no · · ·
SDSS J003257.12+000631.4 -500 (300) 300 (400) 200 (200) -440 510 0.0057 0.17 · · · · · ·
SDSS J003301.53+005716.9 -200 (300) 100 (400) 300 (200) -520 600 0.033 2.2 no 5.09e-05
SDSS J003413.23+000431.5 -430 (90) 300 (200) 420 (90) -450 530 0.01 0.38 no 3.73e-05
SDSS J003602.59+070047.3 -160 (50) 80 (80) 160 (40) -58 88 0.098 12 yes 3.74e-04
SDSS J003628.07−003124.9 -200 (200) 100 (200) 300 (100) -150 180 0.082 9.3 · · · 2.07e-04
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SDSS J003650.58+134411.5 -50 (70) 0 (100) 50 (70) -150 220 0.94 350 no 1.38e-05
SDSS J003731.07+010947.0 200 (200) -100 (300) -100 (200) -210 250 0.15 22 yes 6.39e-05
SDSS J003804.42+083417.0 100 (100) -100 (300) -100 (100) -110 160 0.21 35 yes 6.11e-05
SDSS J003856.80+010650.8 -400 (200) 200 (300) 400 (200) -110 140 0.019 0.99 no 3.03e-06
SDSS J003925.22+254823.7 -100 (100) 50 (50) 100 (40) -110 200 0.29 59 no 3.27e-05
SDSS J004138.68+151104.9 -100 (200) 100 (200) 60 (100) -1600 2200 0.31 57 no 3.87e-06
SDSS J004228.84−005210.4 -200 (100) 200 (300) 200 (100) -320 370 0.022 1.1 no · · ·
SDSS J004319.26+160219.9 -160 (70) 100 (100) 50 (60) -160 240 0.063 5.7 yes 2.18e-04
SDSS J004517.26+150949.1 -120 (100) 60 (90) 170 (60) 12 3.7 0.16 26 · · · 9.17e-06
SDSS J004518.17+150957.0 0 (20) -0 (20) -60 (10) 15 0 180 910000 no · · ·
SDSS J004740.76−000019.5 -420 (80) 200 (100) 470 (70) -490 570 0.033 1.9 no · · ·
SDSS J004815.70+002034.2 -100 (100) 100 (200) 190 (90) -270 320 0.12 16 no 2.42e-04
SDSS J005008.21−000359.0 -400 (200) 200 (300) 400 (200) -150 180 0.014 0.65 yes 2.98e-04
SDSS J005208.42−005134.6 -400 (100) 200 (200) 380 (90) -110 130 0.017 0.86 yes 2.43e-04
SDSS J005245.12−005337.2 -500 (100) 200 (200) 400 (100) -160 190 0.012 0.48 yes 1.65e-04
SDSS J005312.06−003208.4 -210 (90) 200 (200) 220 (90) -210 250 0.03 1.9 no · · ·
SDSS J005418.54+005746.2 -90 (40) 40 (60) 100 (40) -160 190 0.31 68 no 5.52e-05
SDSS J005457.61−002517.1 -200 (200) 100 (300) 200 (200) -150 190 0.053 4.9 · · · 5.27e-05
SDSS J005519.91+004039.0 -200 (200) 100 (300) 200 (100) -640 740 0.048 3.9 no · · ·
SDSS J005827.25+005642.6 120 (60) -70 (70) -40 (40) -270 320 0.14 19 no 2.74e-05
SDSS J010010.53+003739.2 -500 (300) 300 (300) -100 (200) -760 880 0.0062 0.18 no 3.63e-05
SDSS J010045.94+150659.2 -200 (70) 120 (70) 20 (40) -320 450 0.045 3.6 no 1.66e-04
SDSS J010338.92+142538.6 -300 (100) 200 (200) 200 (100) -230 330 0.024 1.3 no · · ·
SDSS J010341.60+003132.6 -400 (100) 300 (200) 300 (100) -510 590 0.0096 0.34 no 3.54e-05
SDSS J010345.56+003746.8 -600 (500) 300 (400) 300 (300) -350 410 0.0066 0.21 · · · 3.05e-05
SDSS J010622.99−001456.3 -500 (200) 230 (80) -180 (70) -200 240 0.012 0.48 · · · 3.04e-04
SDSS J010734.66+011157.1 -700 (300) 400 (400) 100 (200) -590 690 0.0037 0.085 yes 2.49e-04
SDSS J011009.10+132616.1 -50 (90) 0 (100) 190 (70) -58 96 1.3 610 no 2.89e-04
SDSS J011042.01−010839.3 -90 (30) 100 (70) 170 (30) -290 350 0.11 13 yes 2.60e-04
SDSS J011123.90+000935.2 -200 (100) 100 (200) 200 (100) -290 350 0.04 2.9 no · · ·
SDSS J011226.93+251149.8 -300 (100) 200 (300) 200 (100) -130 240 0.026 1.6 yes 4.06e-04
SDSS J011355.84−093938.1 50 (90) -0 (200) 30 (90) -180 210 0.95 360 yes 2.38e-04
SDSS J011446.97+132825.4 0 (100) -0 (100) 80 (70) -230 320 1.3 550 no 1.32e-04
SDSS J011447.52+254229.6 -100 (200) 100 (200) 200 (100) -49 110 0.2 37 yes 1.36e-04
SDSS J011547.59+005350.1 -280 (60) 140 (60) 60 (40) -200 240 0.032 2.2 · · · 7.75e-04
SDSS J011634.11+002956.6 -300 (300) 100 (500) 300 (300) -230 280 0.13 16 yes 2.26e-04
SDSS J011817.62+384249.4 -300 (200) 100 (200) 0 (100) -37 130 0.04 3 · · · 8.55e-05
SDSS J011932.38−090219.2 -300 (70) 200 (100) 350 (60) -500 550 0.018 0.86 yes 3.36e-04
SDSS J012053.21+382356.7 -400 (200) 200 (300) 400 (100) -170 450 0.012 0.46 no · · ·
SDSS J012259.53+154253.8 -200 (100) 100 (200) 200 (100) -170 250 0.042 3.3 no 8.78e-05
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SDSS J012332.85+403906.3 -400 (200) 200 (500) 400 (200) -120 370 0.013 0.56 no 4.67e-06
SDSS J012341.92+383810.6 -400 (400) 200 (300) 300 (200) -480 1200 0.013 0.52 no · · ·
SDSS J012403.12−002301.1 -320 (100) 200 (100) 410 (80) -240 290 0.016 0.71 no · · ·
SDSS J012824.67+393704.3 -0 (200) 0 (90) 0 (90) 15 0 86 300000 · · · 5.20e-05
SDSS J012839.69−004223.4 -100 (80) 100 (100) 40 (60) -530 610 0.13 17 no · · ·
SDSS J013033.98−005648.9 -400 (200) 200 (200) 400 (100) -250 300 0.018 0.98 · · · 7.11e-05
SDSS J013328.61+142459.6 -500 (200) 500 (400) 100 (200) -2400 3300 0.0046 0.1 no 2.11e-05
SDSS J013335.55+130357.2 -400 (300) 270 (100) 410 (100) -560 770 0.0098 0.36 yes 1.72e-04
SDSS J013418.52+010100.0 -340 (50) 300 (100) 330 (50) -530 630 0.011 0.37 no · · ·
SDSS J013441.30−092212.7 -700 (300) 500 (200) 100 (100) -1400 1500 0.0031 0.062 no 2.30e-05
SDSS J013504.31−085919.1 -300 (100) 200 (200) 400 (100) -170 200 0.02 1.1 no · · ·
SDSS J013716.08+000311.4 -400 (200) 300 (400) 300 (200) -720 850 0.011 0.4 yes 3.29e-04
SDSS J013750.04+003237.7 -230 (90) 200 (200) 220 (90) -200 250 0.025 1.5 yes 2.34e-04
SDSS J013801.05+230329.3 -400 (300) 100 (100) -0 (100) -88 170 0.033 2.4 · · · 1.65e-04
SDSS J013841.09+131257.6 -300 (200) 300 (300) 300 (100) -1000 1400 0.014 0.57 no · · ·
SDSS J014009.01−001243.5 -500 (200) 340 (90) 350 (90) -910 1100 0.0064 0.18 yes 4.32e-04
SDSS J014143.68−093811.7 -100 (200) 0 (300) -0 (200) -290 330 0.65 200 yes 2.61e-04
SDSS J014152.51−005241.7 -500 (100) 200 (200) 400 (100) -300 360 0.018 0.85 yes 6.75e-04
SDSS J014232.59−083528.5 -30 (30) 20 (50) 30 (30) -130 160 2.5 1600 yes 2.63e-04
SDSS J014246.00−094731.0 -400 (100) 300 (200) 400 (100) -1300 1400 0.0097 0.35 no · · ·
SDSS J014349.22+002130.1 -300 (200) 200 (300) 300 (200) -260 320 0.013 0.56 no 5.33e-06
SDSS J015132.82−080047.8 -200 (100) 100 (200) 300 (100) -190 220 0.062 6.2 yes 1.65e-04
SDSS J015225.39−005808.6 -260 (40) 90 (60) 170 (40) -34 57 0.076 8.5 yes 1.65e-04
SDSS J015256.98+002044.7 -300 (200) 200 (300) 300 (200) -430 520 0.019 1 yes 5.24e-04
SDSS J015657.37−003341.6 -400 (200) 300 (500) 400 (200) -1300 1500 0.0073 0.22 no 2.24e-04
SDSS J020157.40+004801.1 -600 (400) 500 (400) -0 (200) -1200 1500 0.0037 0.079 no · · ·
SDSS J020210.81−011525.4 -600 (400) 300 (200) -0 (200) -520 620 0.0058 0.17 · · · 5.26e-04
SDSS J020343.22−002527.8 -400 (400) 100 (600) 400 (400) -110 150 0.034 2.5 · · · · · ·
SDSS J020351.30+004025.0 -50 (50) 30 (90) 80 (50) -210 270 0.73 230 no 3.72e-05
SDSS J020431.66−005604.2 -430 (80) 200 (100) 440 (80) -190 250 0.013 0.58 no · · ·
SDSS J020538.10+005835.3 160 (80) -100 (200) -150 (80) -340 430 0.064 6 no · · ·
SDSS J020611.80+132408.9 -500 (200) 300 (200) -0 (100) -230 350 0.0093 0.35 yes 2.04e-04
SDSS J020611.97−004939.2 -400 (300) 200 (300) -200 (200) -380 460 0.016 0.77 · · · 2.83e-05
SDSS J020659.20+214654.1 -400 (200) 200 (200) -0 (100) -260 460 0.012 0.48 no 3.03e-05
SDSS J020806.39+001834.0 -100 (200) 100 (300) 200 (200) -530 650 0.08 8.1 no 3.12e-05
SDSS J020847.63+224814.5 -500 (200) 500 (200) -100 (100) -1600 2700 0.0029 0.061 no 1.11e-04
SDSS J020925.75+064213.9 -430 (30) 250 (30) 440 (20) -350 470 0.01 0.39 yes 1.14e-03
SDSS J021058.63−090210.8 -200 (400) 100 (200) 300 (200) -220 260 0.056 5.2 no 2.48e-05
SDSS J021145.58+071831.1 -400 (400) 200 (700) 400 (400) -190 270 0.019 0.98 yes 1.29e-04
SDSS J021239.45+001856.9 -300 (100) 100 (200) 360 (100) -100 140 0.035 2.6 yes 1.42e-04
Continued on Next Page. . .
255
Table A3 – Continued
SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J021303.29+140232.9 -400 (300) 200 (300) 100 (200) -220 340 0.019 1 · · · 1.85e-04
SDSS J021309.20−005025.5 -400 (200) 200 (400) 400 (200) -180 240 0.014 0.62 no · · ·
SDSS J021411.36+011533.2 -300 (200) 200 (400) 300 (200) -410 520 0.013 0.55 no · · ·
SDSS J021504.74−004742.8 -100 (200) 100 (300) 200 (200) -190 250 0.18 29 no · · ·
SDSS J021534.78+141846.7 -400 (200) 200 (300) 200 (200) -200 310 0.014 0.62 · · · 2.63e-05
SDSS J021629.68+001222.4 -500 (400) 200 (300) 300 (200) -770 940 0.011 0.44 · · · · · ·
SDSS J021650.66−091916.1 -400 (400) 300 (300) 300 (200) -550 630 0.0093 0.34 · · · 5.68e-04
SDSS J021726.28−003318.0 -400 (300) 300 (700) 400 (300) -210 270 0.0089 0.31 yes 3.68e-04
SDSS J021742.45+005342.8 300 (200) -200 (300) -300 (200) -270 340 0.013 0.55 yes 3.20e-04
SDSS J021759.09+004517.6 -300 (200) 200 (300) 200 (200) -190 250 0.014 0.67 yes 2.68e-04
SDSS J021827.57+004454.1 -600 (100) 300 (100) 410 (80) -230 300 0.0077 0.26 yes 3.30e-04
SDSS J021849.98+005739.2 -500 (300) 300 (600) 400 (300) -370 470 0.0089 0.31 no 9.96e-06
SDSS J021855.28+011056.5 -600 (300) 200 (300) 200 (200) -270 350 0.0093 0.36 · · · 6.27e-05
SDSS J021903.68−001733.9 400 (100) -200 (200) -330 (100) -270 340 0.019 0.95 yes 4.66e-04
SDSS J021940.25+003207.8 -350 (70) 200 (100) 290 (70) -260 340 0.02 1.1 no · · ·
SDSS J022125.36+001710.5 0 (100) -0 (200) 0 (100) -880 1100 3.1 2000 no · · ·
SDSS J022346.26+230151.0 -20 (20) 10 (40) 30 (20) -170 320 3.3 2200 no 1.25e-05
SDSS J022436.80+005814.3 -500 (300) 300 (300) 200 (200) -950 1200 0.0061 0.17 no 1.57e-05
SDSS J022759.67−093604.5 -450 (40) 260 (70) 400 (40) -350 410 0.0092 0.33 yes 3.39e-04
SDSS J022835.93−074032.4 -400 (200) 200 (200) 300 (100) -110 140 0.015 0.81 no 2.39e-05
SDSS J022954.30+001946.9 -370 (20) 300 (20) 390 (20) -380 490 0.0073 0.24 no · · ·
SDSS J023015.38+010958.8 -500 (200) 170 (60) 510 (60) -260 340 0.023 1.3 · · · · · ·
SDSS J023016.26+262355.8 400 (200) -180 (70) -370 (60) -75 170 0.019 1 yes 1.67e-04
SDSS J023113.03−004056.8 -600 (200) 400 (400) 100 (200) -790 990 0.0044 0.11 no 1.05e-04
SDSS J023327.24+282504.2 -500 (300) 200 (400) 100 (200) -57 150 0.018 0.95 · · · 9.55e-06
SDSS J023438.49+244535.7 -400 (100) 300 (200) 400 (100) -430 830 0.01 0.36 yes 2.69e-04
SDSS J023515.12−000737.0 -120 (70) 100 (100) 150 (70) -84 120 0.087 10 yes 2.60e-04
SDSS J023526.44+280026.6 -370 (40) 250 (70) 400 (40) -290 620 0.011 0.43 yes 1.85e-04
SDSS J023804.40−000545.7 110 (50) -50 (90) 130 (50) -150 210 0.2 36 yes 2.15e-04
SDSS J023938.04+273654.1 -500 (200) 200 (200) -100 (100) -110 260 0.011 0.44 no 1.68e-04
SDSS J024310.60+004044.5 -430 (50) 220 (80) 430 (50) -190 260 0.013 0.56 yes 3.96e-04
SDSS J024505.48+002804.5 -10 (60) 0 (100) 50 (60) -150 210 31 68000 yes 1.70e-04
SDSS J024519.11+011157.4 -220 (100) 100 (200) 220 (100) -160 230 0.048 4.1 yes 2.50e-04
SDSS J024642.56+004137.1 -320 (50) 160 (80) 490 (50) -120 180 0.024 1.4 yes 3.49e-04
SDSS J024958.71+334250.0 -100 (100) 100 (100) 30 (70) -150 420 0.083 9.4 no 5.90e-05
SDSS J025123.33−011314.4 -300 (200) 200 (100) -30 (90) -820 1100 0.021 1.1 no · · ·
SDSS J025141.92−004130.0 -200 (100) 100 (300) 200 (100) -85 130 0.073 7.6 no 4.83e-05
SDSS J025202.46−010515.7 -270 (70) 300 (100) 300 (60) -790 1000 0.014 0.56 no · · ·
SDSS J025306.37+001329.2 -210 (80) 200 (200) 220 (80) -290 390 0.032 2 no 1.13e-05
SDSS J025347.52+335221.0 -400 (200) 300 (200) 400 (100) -150 440 0.011 0.4 · · · 3.06e-04
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SDSS J025509.30−004414.8 -300 (200) 200 (400) 300 (200) -360 490 0.015 0.67 no · · ·
SDSS J025555.88+352830.2 -300 (200) 200 (300) 200 (200) -45 170 0.02 1 yes 1.53e-04
SDSS J025610.61−073024.6 -100 (20) 50 (30) 120 (20) -39 67 0.21 41 yes 2.27e-04
SDSS J025622.04−065036.2 -90 (90) 100 (200) 120 (80) -270 350 0.17 29 no 2.14e-04
SDSS J025747.80+004902.2 -250 (90) 100 (200) 290 (90) -140 210 0.038 2.9 yes 2.30e-04
SDSS J025753.40−003159.5 -200 (100) 100 (200) 0 (100) -120 180 0.06 6.2 · · · 2.96e-05
SDSS J025814.38+063849.9 -480 (70) 130 (90) 480 (60) -110 180 0.051 3.8 no · · ·
SDSS J025817.87+010946.0 -300 (100) 200 (200) 300 (100) -170 240 0.019 0.95 yes 2.25e-04
SDSS J025853.37+004322.5 -500 (400) 300 (400) 100 (200) -420 580 0.0083 0.28 no 4.17e-04
SDSS J025855.97−011349.7 -200 (100) 100 (200) 100 (100) -250 350 0.06 5.5 no 7.78e-05
SDSS J030036.53+381127.6 -200 (200) 100 (400) 100 (200) -77 300 0.08 8.4 yes 2.70e-04
SDSS J030138.24+050219.0 130 (20) -60 (40) 40 (20) -83 140 0.15 22 yes 5.93e-04
SDSS J030247.65+372125.9 -400 (200) 300 (400) 300 (200) -260 880 0.0079 0.25 yes 2.89e-04
SDSS J030302.44−062829.9 -200 (200) 100 (200) 200 (100) -520 670 0.043 3.4 no 2.20e-04
SDSS J030308.36+005444.1 -600 (200) 300 (400) 400 (200) -51 89 0.0088 0.33 yes 5.26e-05
SDSS J030351.97+003548.4 -400 (100) 300 (200) 400 (100) -400 560 0.01 0.37 yes 3.50e-04
SDSS J030544.42−074941.2 0 (20) -0 (30) 60 (20) -95 140 920 1.1e+07 yes 3.05e-04
SDSS J030607.19−003114.4 -260 (20) 130 (20) 130 (20) -25 53 0.036 2.7 yes 2.51e-04
SDSS J030612.02+385510.9 -420 (100) 200 (200) 420 (100) nan nan 0.011 0.41 yes 2.08e-04
SDSS J030716.44+384822.8 500 (400) -300 (700) -300 (400) -50 230 0.0082 0.28 yes 4.50e-04
SDSS J030733.08+004113.2 -300 (100) 200 (200) 450 (90) -470 660 0.016 0.76 no 1.63e-04
SDSS J030758.82−002629.0 100 (100) -0 (200) -200 (100) -80 130 0.35 86 · · · 9.68e-05
SDSS J030859.87−002735.8 -300 (100) 200 (200) 300 (100) -150 220 0.02 1.1 yes 3.11e-04
SDSS J030900.90+384835.3 -500 (60) 210 (90) 480 (50) -34 170 0.013 0.6 yes 1.36e-04
SDSS J030904.82−010100.9 -400 (100) 100 (200) 400 (100) -210 300 0.052 3.8 yes 4.58e-04
SDSS J030956.32+411049.2 -90 (30) 50 (50) 110 (30) -12 110 0.22 39 no 5.19e-06
SDSS J031209.19+004701.6 200 (200) -200 (100) 200 (100) -770 1100 0.024 1.3 no · · ·
SDSS J031803.99+423034.4 -190 (80) 100 (200) 150 (80) -9.6 110 0.055 4.8 yes 1.29e-04
SDSS J031909.94+002158.8 -90 (80) 40 (90) 120 (50) -470 680 0.3 65 no · · ·
SDSS J032030.53+044243.6 340 (70) -200 (100) -330 (70) -88 150 0.028 1.8 yes 2.84e-04
SDSS J032038.72−063823.0 150 (80) -100 (100) 0 (70) -130 190 0.15 24 yes 1.37e-04
SDSS J032131.02+000617.3 -270 (40) 140 (70) 280 (40) -140 230 0.032 2.2 yes 3.86e-04
SDSS J032136.55−001630.5 -220 (100) 100 (200) 230 (90) -55 100 0.054 5.1 yes 1.19e-04
SDSS J032140.00+415307.6 -300 (100) 200 (300) 300 (100) -93 490 0.019 1 no 3.44e-05
SDSS J032422.38−000516.1 -500 (200) 300 (200) -0 (100) -220 330 0.0057 0.18 yes 2.34e-04
SDSS J032510.84−011114.2 -120 (80) 90 (40) 60 (30) -430 630 0.091 9.8 no · · ·
SDSS J032548.50+061559.5 -300 (200) 200 (300) 200 (200) -1200 1900 0.016 0.8 no 9.67e-05
SDSS J032607.98+011021.2 -200 (80) 100 (100) 260 (70) -150 250 0.06 5.7 yes 2.40e-04
SDSS J032643.23−010338.0 -340 (90) 200 (200) 380 (80) -340 510 0.016 0.75 no 4.09e-05
SDSS J032726.73−005745.1 -400 (200) 200 (300) 400 (200) -170 270 0.013 0.6 yes 5.75e-04
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SDSS J032758.16−002215.5 -400 (100) 200 (200) 400 (100) -220 330 0.013 0.58 no 6.92e-06
SDSS J032842.92+001749.8 -190 (80) 100 (200) 240 (80) -140 230 0.044 3.4 no 7.99e-06
SDSS J033131.33+005149.1 -200 (300) 200 (300) 100 (200) -1500 2300 0.03 1.9 no 1.32e-04
SDSS J033132.13−005453.4 -140 (40) 80 (60) 200 (40) -130 210 0.12 15 yes 2.47e-04
SDSS J033301.51−011042.0 -200 (100) 100 (100) 200 (70) -320 490 0.046 3.8 · · · 1.76e-03
SDSS J033436.72+005853.7 -200 (200) 170 (80) -250 (70) -1300 2000 0.039 2.5 no 2.52e-04
SDSS J033548.59+003832.3 -50 (40) 30 (70) 70 (40) -69 130 0.73 260 no 4.69e-05
SDSS J033649.88−061507.0 -400 (200) 200 (400) 300 (200) -390 570 0.012 0.49 no · · ·
SDSS J033656.13−004727.9 -500 (100) 200 (100) 410 (70) -130 220 0.0096 0.36 no 2.77e-04
SDSS J033807.64−000715.3 -300 (200) 200 (500) 300 (200) -690 1100 0.015 0.67 no 6.46e-05
SDSS J034237.98+010858.5 -200 (100) 100 (200) 300 (100) -200 340 0.039 2.9 no · · ·
SDSS J034514.72−061421.3 -400 (100) 300 (300) 300 (100) -290 440 0.01 0.37 yes 2.02e-04
SDSS J034817.37+094545.8 -300 (200) 190 (90) -230 (80) -700 1300 0.02 1 no · · ·
SDSS J034831.09−061400.5 -200 (200) 100 (200) 300 (100) -330 500 0.03 2 no · · ·
SDSS J034913.70+085810.9 -100 (100) 100 (200) 200 (100) -280 530 0.18 26 yes 8.76e-05
SDSS J035827.28−044042.4 -250 (70) 150 (90) 320 (50) -160 280 0.03 2 yes 3.71e-04
SDSS J035832.99−052830.2 -400 (200) 120 (80) -40 (60) -69 130 0.038 3.1 · · · · · ·
SDSS J035912.46−044630.2 -400 (100) 200 (200) 400 (100) -180 300 0.012 0.49 yes 4.39e-04
SDSS J041716.59+055522.5 -10 (30) 10 (50) -30 (30) -170 360 13 18000 no 5.07e-05
SDSS J042200.52+073358.9 -60 (80) 0 (100) 90 (80) -81 200 1.1 410 yes 2.24e-04
SDSS J042437.67+063408.3 -160 (90) 100 (100) 200 (70) -1100 2200 0.15 20 yes 9.11e-04
SDSS J044046.92−050413.0 -20 (80) 0 (100) 20 (80) -38 100 15 24000 yes 1.14e-04
SDSS J044218.27−044820.2 -40 (40) 30 (70) 20 (40) -140 310 1 380 no · · ·
SDSS J044340.79−062131.9 -100 (200) 100 (200) 140 (100) -1200 2400 0.074 7.4 · · · · · ·
SDSS J044450.67−010936.0 -500 (200) 200 (200) -0 (100) -100 250 0.013 0.62 · · · 8.93e-05
SDSS J044542.27+120246.8 -300 (300) 100 (200) 400 (100) -180 550 0.11 11 yes 4.55e-04
SDSS J044719.49−054631.0 -500 (100) 250 (100) 440 (60) -140 320 0.0096 0.36 no 1.76e-05
SDSS J044724.36+002149.6 -300 (80) 150 (100) 320 (60) -150 370 0.027 1.8 no 1.19e-04
SDSS J044824.31−011241.8 -500 (300) 300 (400) -0 (200) -200 450 0.0054 0.16 · · · 1.12e-03
SDSS J044831.03+214909.9 -10 (60) 0 (100) -130 (60) -28 170 8.5 9400 yes 1.27e-04
SDSS J045248.17−003934.3 -200 (200) 100 (300) 200 (200) -100 260 0.077 8.2 no 1.13e-05
SDSS J052624.54+621344.3 100 (100) -100 (200) -100 (100) 42 110 0.13 18 yes 3.27e-04
SDSS J053117.54−002202.6 -400 (200) 200 (300) 500 (200) -71 280 0.019 1.1 · · · · · ·
SDSS J053135.46−002713.3 -400 (300) 200 (400) 400 (300) -100 390 0.014 0.64 no · · ·
SDSS J053157.68+615032.6 -500 (300) 300 (300) 300 (200) 230 820 0.0093 0.33 yes 2.18e-03
SDSS J053206.23−001220.6 -400 (100) 200 (300) 500 (100) 6.3 29 0.013 0.59 no · · ·
SDSS J053233.12−001148.5 -400 (200) 200 (300) 300 (200) -160 590 0.015 0.69 · · · · · ·
SDSS J053612.87+000937.6 -600 (100) 400 (200) 300 (100) -70 300 0.005 0.13 yes 5.89e-04
SDSS J053653.54−000534.5 -300 (200) 200 (200) 100 (100) -370 1400 0.02 1 no · · ·
SDSS J053907.79+835331.1 -600 (100) 450 (80) 140 (60) 860 2000 0.0037 0.081 · · · 1.43e-04
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SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J054430.98+825608.8 -200 (200) 100 (300) 200 (200) 160 350 0.062 5.8 yes 2.04e-04
SDSS J062542.90+825210.4 -500 (300) 400 (200) 100 (200) 360 790 0.0053 0.14 no · · ·
SDSS J063139.14+822827.9 -290 (80) 100 (100) 270 (80) 120 240 0.029 1.9 no 6.50e-05
SDSS J063803.61+373309.2 -10 (60) 10 (40) -40 (30) 130 500 14 20000 yes 3.76e-04
SDSS J063805.22+835527.0 -600 (300) 200 (200) 100 (100) 55 89 0.022 1.4 yes 3.30e-05
SDSS J064212.72+381638.6 0 (20) -0 (40) 100 (20) 70 220 160 750000 no · · ·
SDSS J064324.93+384943.0 0 (20) -0 (30) 70 (10) 92 290 760 8e+06 no 5.71e-06
SDSS J064715.54+275948.3 -20 (40) 10 (20) 10 (20) 43 140 6.1 6000 · · · 6.95e-04
SDSS J064724.00+840724.1 -300 (200) 200 (300) 200 (200) 250 520 0.02 1.1 no · · ·
SDSS J064812.76+381005.9 -40 (90) 0 (200) 60 (90) 200 690 0.83 280 no · · ·
SDSS J064941.02+290132.6 -0 (60) 0 (100) 20 (60) 290 1300 700 6.8e+06 no · · ·
SDSS J065012.35+273950.0 -10 (30) 0 (60) 20 (30) 110 440 33 70000 no · · ·
SDSS J070322.18+664908.1 -490 (60) 200 (100) 390 (60) 66 120 0.01 0.4 yes 2.95e-04
SDSS J070336.90+385142.3 10 (80) -0 (100) 0 (80) 94 240 27 55000 yes 3.61e-04
SDSS J070546.78+393453.4 7 (8) -4 (10) 15 (8) 72 170 40 95000 no · · ·
SDSS J070628.58+383650.3 -280 (40) 190 (70) 300 (40) 190 540 0.019 0.98 no 2.78e-05
SDSS J071119.60+384525.2 -0 (30) 0 (50) 80 (30) 750 2100 870000 2.9e+11 no · · ·
SDSS J071309.72+401249.5 -70 (50) 40 (90) 60 (50) 130 310 0.47 120 yes 9.45e-05
SDSS J072130.60+374228.4 -30 (60) 0 (100) 80 (60) 120 290 2.3 1300 no 4.36e-05
SDSS J072156.68+364048.6 -9 (8) 7 (8) -7 (8) 160 390 16 22000 yes 2.90e-04
SDSS J072251.06+385944.7 -300 (400) 100 (700) 500 (400) 43 73 0.034 2.5 yes 1.60e-04
SDSS J072434.73+321609.4 370 (50) -180 (80) -370 (50) 45 85 0.018 0.92 yes 2.27e-04
SDSS J072528.10+384011.1 -400 (300) 200 (400) -200 (200) 310 760 0.015 0.67 · · · 1.09e-03
SDSS J072543.89+414519.3 -200 (100) 100 (200) 240 (100) 190 440 0.063 5.9 no 8.42e-05
SDSS J072635.37+322554.4 -160 (60) 100 (100) 200 (50) 150 390 0.071 7.1 yes 5.33e-04
SDSS J072920.74+430410.2 -210 (60) 70 (100) 220 (60) 49 81 0.12 16 yes 9.84e-05
SDSS J073003.88+405450.1 -500 (200) 300 (300) 300 (200) 73 140 0.0076 0.25 yes 2.40e-04
SDSS J073011.39+162511.3 -60 (60) 30 (40) 0 (30) 140 440 0.68 210 no · · ·
SDSS J073031.42+373018.4 -200 (100) 100 (200) 300 (100) 280 660 0.057 5 no 4.57e-05
SDSS J073059.83+144052.0 -70 (30) 30 (50) 120 (30) 42 100 0.53 150 no 6.01e-06
SDSS J073248.99+401622.9 -200 (100) 100 (200) 300 (100) 230 520 0.039 3 yes 4.75e-04
SDSS J073332.72+384600.2 -700 (500) 500 (700) 100 (400) 570 1300 0.0026 0.048 no 1.16e-04
SDSS J073445.66+155449.0 -60 (30) 30 (50) 60 (30) 38 80 0.74 240 yes 9.21e-05
SDSS J073455.92+410537.5 -290 (40) 150 (60) 130 (40) 65 120 0.028 1.8 yes 4.07e-04
SDSS J073518.66+325847.3 -500 (300) 300 (300) 100 (200) 190 450 0.0065 0.2 no 2.85e-05
SDSS J073531.86+315015.3 -500 (200) 100 (300) 500 (200) 51 92 0.036 2.9 yes 4.24e-05
SDSS J073534.34+650648.9 -30 (30) 10 (50) 30 (30) 110 200 8.3 7900 no · · ·
SDSS J073700.60+384733.8 -500 (400) 400 (300) 100 (200) 470 1100 0.004 0.1 · · · · · ·
SDSS J073717.69+412620.1 -140 (30) 100 (50) 190 (30) 120 240 0.076 7.7 yes 2.39e-04
SDSS J073732.86+225355.1 -600 (400) 200 (200) 100 (200) 86 210 0.013 0.61 · · · 2.00e-04
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SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J073906.94+274353.9 -500 (300) 300 (300) -100 (200) 160 380 0.0082 0.28 yes 1.86e-04
SDSS J073942.61+171438.6 -500 (200) 200 (300) 400 (200) 66 160 0.013 0.59 no 2.08e-05
SDSS J073948.55+181814.0 -400 (300) 300 (600) 500 (300) 310 920 0.0096 0.33 yes 5.28e-04
SDSS J074011.18+385909.1 -300 (200) 100 (200) 300 (100) 56 95 0.099 13 · · · 3.90e-06
SDSS J074027.90+184819.9 -170 (50) 100 (100) 140 (50) 220 630 0.051 4.3 yes 2.91e-04
SDSS J074147.05+220655.1 -400 (200) 200 (200) 300 (100) 180 460 0.017 0.88 · · · 2.00e-04
SDSS J074154.35+380850.1 -90 (60) 40 (20) 110 (20) 93 180 0.33 73 no 4.86e-06
SDSS J074211.87+182227.6 -30 (20) 20 (20) 20 (10) 100 270 1.6 820 no 1.06e-05
SDSS J074232.54+234244.4 -400 (200) 300 (200) 400 (100) 370 960 0.0088 0.3 no 3.09e-04
SDSS J074301.93+410655.3 -30 (20) 20 (30) 80 (20) 69 120 2.3 1500 yes 2.35e-04
SDSS J074329.62+283528.1 400 (100) -200 (200) -300 (100) 210 490 0.011 0.44 yes 3.57e-04
SDSS J074334.27+344647.5 -500 (400) 200 (200) 200 (100) 170 370 0.019 0.98 · · · 9.69e-05
SDSS J074352.68+322547.3 60 (40) -20 (70) 80 (40) 62 110 2.6 1500 yes 1.99e-04
SDSS J074425.43+353040.9 -500 (300) 200 (600) 400 (300) 84 160 0.015 0.76 yes 9.53e-05
SDSS J074452.38+192526.1 -270 (70) 100 (100) 300 (70) 150 380 0.034 2.4 no 4.93e-05
SDSS J074521.87+171520.6 10 (30) -10 (60) 0 (30) 170 470 11 13000 no · · ·
SDSS J074632.06+181911.7 -400 (200) 200 (300) 400 (200) 200 530 0.014 0.59 no · · ·
SDSS J074730.57+430403.6 -500 (200) 200 (400) 300 (200) 100 180 0.025 1.3 yes 3.10e-04
SDSS J074733.54+472004.0 -300 (200) 100 (200) 100 (100) 55 82 0.043 3.6 yes 4.80e-05
SDSS J074754.81+273655.8 -300 (100) 100 (100) 20 (90) 110 230 0.029 1.9 · · · 9.19e-05
SDSS J074758.76+222942.4 40 (20) -20 (30) -10 (20) 120 270 1.2 490 no · · ·
SDSS J074805.69+381805.9 -200 (100) 60 (80) 60 (50) 54 86 0.18 32 · · · · · ·
SDSS J074815.29+380845.9 -500 (200) 400 (200) 300 (100) 290 600 0.0041 0.11 no · · ·
SDSS J074819.94+243607.5 -130 (80) 100 (100) 140 (70) 220 540 0.092 11 no 1.40e-04
SDSS J074845.72+180240.4 -100 (100) 100 (300) 200 (100) 99 240 0.06 5.4 yes 2.97e-04
SDSS J074857.90+254045.4 -280 (90) 130 (100) 130 (60) 130 300 0.035 2.5 · · · 5.63e-06
SDSS J074919.48+472058.3 -300 (400) 300 (400) 300 (200) 890 1800 0.012 0.42 no · · ·
SDSS J075005.57+393301.5 -300 (200) 200 (300) 300 (200) 480 1000 0.013 0.52 no · · ·
SDSS J075009.90+381641.6 -100 (30) 40 (60) 110 (30) 74 130 0.32 71 yes 9.62e-05
SDSS J075051.85+085020.1 -0 (60) 0 (100) 50 (60) 68 180 320 2.2e+06 no 1.51e-05
SDSS J075143.03+225425.7 -400 (100) 200 (200) 330 (90) 210 500 0.0098 0.39 · · · 3.64e-04
SDSS J075145.78+271120.8 -500 (100) 300 (200) 400 (100) 130 280 0.0087 0.31 yes 3.26e-04
SDSS J075153.17+653104.7 -200 (200) 100 (400) 200 (200) 360 670 0.089 9 yes 2.54e-04
SDSS J075223.15+433212.2 -300 (200) 200 (400) 300 (200) 310 610 0.02 1.1 yes 2.87e-04
SDSS J075235.80+401339.1 -400 (100) 200 (200) 300 (100) 320 630 0.012 0.46 no · · ·
SDSS J075254.18+174153.5 -60 (30) 30 (50) 50 (30) 190 480 0.51 140 no 2.09e-04
SDSS J075314.67+190926.0 -40 (20) 20 (40) 40 (20) 300 750 1.8 810 no · · ·
SDSS J075325.93+164132.8 -300 (100) 300 (200) 300 (100) 280 730 0.012 0.43 yes 1.72e-04
SDSS J075333.78+263803.5 -400 (300) 200 (300) 300 (200) 300 680 0.012 0.48 · · · 9.62e-04
SDSS J075344.05+374818.3 -500 (400) 300 (200) 300 (200) 260 520 0.0077 0.25 no · · ·
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SDSS J075356.37+233118.9 -160 (80) 100 (100) 150 (80) 64 120 0.093 11 yes 2.76e-04
SDSS J075359.48+175445.5 100 (200) -0 (200) -0 (200) 82 180 0.52 130 yes 1.68e-04
SDSS J075407.21+313720.8 -100 (100) 0 (200) 200 (100) 160 340 0.52 130 no 2.62e-04
SDSS J075426.30+240721.4 -400 (200) 200 (300) 400 (200) 120 250 0.013 0.57 no 1.41e-05
SDSS J075455.81+294759.5 -200 (100) 100 (200) 200 (100) 210 440 0.054 4.8 yes 2.29e-04
SDSS J075508.69+122601.1 -200 (100) 300 (300) 300 (100) 390 1100 0.015 0.66 no · · ·
SDSS J075520.05+274302.3 -400 (100) 200 (200) 400 (100) 480 1100 0.02 0.92 no 2.48e-05
SDSS J075557.01+091135.1 -130 (100) 100 (200) 140 (100) 120 340 0.084 8.9 no · · ·
SDSS J075606.35+421613.0 -700 (300) 400 (300) 100 (200) 390 760 0.0036 0.082 · · · · · ·
SDSS J075621.94+311439.6 -300 (200) 100 (100) 10 (90) 87 160 0.026 1.7 · · · 2.03e-04
SDSS J075658.47+114919.4 -200 (100) 100 (200) 400 (100) 110 270 0.05 4.2 no 7.93e-06
SDSS J075721.07+323054.4 -130 (30) 90 (50) 50 (30) 85 150 0.082 8.6 yes 2.16e-04
SDSS J075835.12+482523.6 -300 (200) 300 (500) 400 (200) 520 990 0.013 0.49 yes 6.72e-04
SDSS J075842.46+170950.6 -200 (100) 100 (200) 200 (100) 160 380 0.052 4.4 · · · 3.27e-04
SDSS J075919.42+321948.5 -190 (30) 80 (30) 130 (20) 36 45 0.095 12 yes 1.11e-04
SDSS J075942.72+345600.6 -600 (200) 200 (200) 300 (100) 110 210 0.012 0.55 · · · · · ·
SDSS J080011.80+114437.5 -200 (300) 100 (200) 300 (100) 41 75 0.13 20 · · · 5.43e-05
SDSS J080029.11+491112.2 280 (nan) -40 (nan) 70 (nan) 34 36 0.29 70 · · · 1.01e-04
SDSS J080031.58+072639.3 -200 (50) 110 (90) 240 (50) 130 360 0.049 4 yes 2.18e-04
SDSS J080042.51+105121.7 -200 (100) 200 (100) 380 (80) 370 1000 0.018 0.95 no · · ·
SDSS J080045.07+500227.7 -200 (100) 100 (100) 150 (80) 370 680 0.035 2.5 no · · ·
SDSS J080144.39+221650.1 -500 (300) 300 (300) -100 (200) 320 710 0.0081 0.27 no 2.70e-04
SDSS J080230.00+072858.2 -300 (200) 400 (200) -100 (100) 640 1900 0.0097 0.34 no 9.84e-05
SDSS J080235.70+525736.4 -100 (200) 0 (100) 40 (80) 80 120 0.47 130 · · · 5.77e-05
SDSS J080304.62+121810.4 -300 (300) 200 (600) 300 (300) 93 210 0.018 0.86 yes 3.02e-04
SDSS J080329.48+361934.5 -500 (400) 200 (400) 100 (300) 160 290 0.012 0.54 · · · 9.49e-06
SDSS J080352.30+090754.5 -300 (200) 200 (300) 300 (100) 120 310 0.013 0.55 no · · ·
SDSS J080414.56+413833.6 300 (300) -200 (500) -200 (300) 300 570 0.023 1.3 yes 1.84e-04
SDSS J080524.40+232411.7 -220 (70) 200 (100) 220 (60) 230 500 0.022 1.1 yes 1.10e-04
SDSS J080541.63+170624.9 -800 (400) 300 (200) 200 (200) 150 340 0.0082 0.28 · · · 3.10e-05
SDSS J080610.00+214152.7 -400 (200) 200 (400) 400 (200) 65 110 0.016 0.83 no · · ·
SDSS J080611.75+215912.6 -400 (100) 180 (100) 470 (60) 450 1000 0.023 1.2 no 2.67e-04
SDSS J080636.86+251912.2 -230 (90) 100 (100) 180 (70) 210 430 0.035 2.5 no · · ·
SDSS J080637.51+335510.2 -300 (100) 100 (100) 170 (80) 180 340 0.042 3.2 yes 5.01e-04
SDSS J080643.42+403517.3 -70 (50) 40 (70) 0 (40) 130 220 0.48 130 yes 1.85e-04
SDSS J080653.95+160729.9 -440 (60) 300 (100) 430 (60) 140 300 0.0098 0.37 no · · ·
SDSS J080657.22+544546.5 -200 (200) 100 (100) 190 (90) 890 1600 0.069 7.2 · · · 2.46e-04
SDSS J080732.87+112710.8 -100 (100) 100 (300) 100 (100) 220 550 0.12 14 no · · ·
SDSS J080736.96+072412.1 -200 (200) 100 (300) 300 (200) 130 320 0.047 3.7 yes 4.90e-04
SDSS J080846.60+182558.3 -250 (70) 200 (100) 250 (70) 180 380 0.024 1.4 yes 2.33e-04
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SDSS J080906.86+442551.2 -70 (20) 50 (30) 70 (20) 220 390 0.29 57 no 9.39e-07
SDSS J080939.99+125122.2 -200 (100) 200 (200) 200 (100) 190 450 0.023 1.4 no · · ·
SDSS J081009.49+832816.5 -200 (90) 100 (200) 160 (90) 250 490 0.04 2.9 yes 1.65e-04
SDSS J081016.89+071333.5 -200 (200) 200 (400) 300 (200) 390 1100 0.025 1.3 no · · ·
SDSS J081114.88+473019.1 -400 (300) 300 (200) 0 (100) 500 880 0.0092 0.32 no · · ·
SDSS J081126.68+053911.9 140 (40) -80 (30) 140 (20) 54 110 0.086 10 yes 5.24e-04
SDSS J081127.18+075236.2 -180 (80) 100 (200) 190 (80) 120 290 0.033 2.4 yes 1.09e-04
SDSS J081157.99+080623.4 -300 (200) 200 (400) 400 (200) 300 780 0.015 0.67 no · · ·
SDSS J081225.62+031914.1 100 (200) -100 (100) 80 (100) 150 400 0.12 16 · · · 9.33e-05
SDSS J081228.68+323533.1 -0 (200) 0 (100) 100 (100) 1200 2400 0.81 260 no · · ·
SDSS J081233.39+232250.2 -400 (200) 100 (200) 300 (100) 100 180 0.03 2.2 · · · 1.08e-04
SDSS J081312.10+324758.7 -70 (90) 0 (200) 140 (90) 170 300 0.45 120 yes 2.31e-04
SDSS J081320.01+215259.3 -700 (300) 400 (200) 200 (100) 620 1300 0.0051 0.12 no 6.41e-05
SDSS J081327.93+373245.6 -300 (200) 200 (300) 300 (200) 230 410 0.017 0.76 no 4.85e-05
SDSS J081355.47+452623.1 -430 (50) 290 (80) 370 (50) 440 780 0.0085 0.29 no · · ·
SDSS J081406.16+521715.4 -370 (50) 270 (30) 420 (20) 220 380 0.0081 0.3 no 4.20e-05
SDSS J081409.82+531921.3 -200 (50) 100 (20) 20 (20) 56 73 0.053 5.1 yes 2.13e-04
SDSS J081449.79+405920.7 -700 (300) 200 (200) 0 (100) 67 97 0.019 1.1 · · · 1.42e-05
SDSS J081502.81+411710.5 -700 (200) 200 (300) 100 (200) 71 100 0.018 1.1 · · · · · ·
SDSS J081513.68+204348.2 -300 (80) 200 (100) 230 (70) 110 200 0.026 1.6 yes 2.22e-04
SDSS J081523.77+832651.3 -270 (60) 200 (100) 240 (60) 420 820 0.019 0.94 yes 2.75e-04
SDSS J081524.05+094855.5 -420 (30) 210 (50) 410 (30) 57 110 0.014 0.61 yes 4.97e-04
SDSS J081553.11−064709.1 -30 (10) 30 (20) 80 (10) 170 570 1.2 470 no · · ·
SDSS J081557.49+210657.2 -200 (300) 100 (300) 300 (200) 150 290 0.043 3.5 no 5.23e-05
SDSS J081600.20+431339.2 -600 (300) 400 (200) 100 (100) 1300 2400 0.003 0.064 · · · · · ·
SDSS J081648.72+262354.2 -100 (400) 0 (400) 0 (300) 51 73 0.7 250 · · · 1.98e-05
SDSS J081654.36+354230.6 -200 (100) 100 (80) 250 (50) 190 330 0.071 6.7 yes 4.44e-04
SDSS J081701.87−000313.3 -330 (90) 200 (100) 280 (80) 79 200 0.019 0.94 yes 2.36e-04
SDSS J081716.98+054223.7 -100 (300) 100 (300) 0 (200) 100 230 0.14 20 no 2.71e-05
SDSS J081732.74+265729.9 -200 (100) 100 (200) 180 (90) 80 130 0.036 3 yes 3.64e-04
SDSS J081811.71+173224.5 -450 (30) 230 (40) 460 (30) 94 180 0.012 0.49 yes 2.58e-04
SDSS J081831.08−010923.2 -400 (300) 100 (400) 500 (300) 130 350 0.062 4.9 yes 2.24e-04
SDSS J081840.76+204748.0 -200 (200) 100 (200) 200 (100) 310 620 0.027 1.8 · · · 4.23e-04
SDSS J081936.75+352916.5 400 (200) -200 (300) -200 (100) 320 560 0.012 0.5 no 1.09e-04
SDSS J081942.67+542608.2 -60 (40) 40 (60) -0 (30) 170 270 0.3 69 yes 1.51e-04
SDSS J081959.21+060424.2 -500 (200) 300 (400) 300 (200) 150 360 0.008 0.27 · · · · · ·
SDSS J082011.22+584235.2 -130 (20) 70 (30) -20 (20) 140 220 0.11 14 yes 3.07e-04
SDSS J082022.02+431411.1 -220 (20) 100 (30) 90 (20) 39 42 0.049 4.5 yes 1.94e-04
SDSS J082031.31+252558.8 -200 (200) 100 (300) 200 (200) 130 220 0.055 5.4 · · · 2.37e-04
SDSS J082144.37+301806.1 0 (30) -0 (40) 110 (20) 170 290 1500 2.1e+07 yes 2.38e-04
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SDSS J082213.93+121437.5 -200 (100) 100 (200) 200 (100) 170 360 0.047 4 no · · ·
SDSS J082242.77+460015.8 -700 (400) 500 (400) 100 (200) 960 1700 0.0028 0.053 no · · ·
SDSS J082317.66+130656.3 -400 (300) 200 (500) 400 (300) 90 170 0.011 0.43 yes 4.01e-04
SDSS J082429.02+172345.5 -200 (90) 100 (200) 210 (80) 130 250 0.047 3.8 yes 1.11e-04
SDSS J082455.62+272242.6 -500 (100) 200 (200) 300 (100) 270 480 0.011 0.43 · · · · · ·
SDSS J082503.32+271003.1 -200 (200) 100 (300) 300 (200) 210 380 0.062 6 no 1.48e-04
SDSS J082526.46−010929.2 -500 (300) 200 (200) 300 (200) 140 360 0.0099 0.38 no 2.10e-04
SDSS J082533.82+161048.4 -310 (100) 200 (200) 330 (90) 250 490 0.011 0.47 yes 1.97e-04
SDSS J082554.95+340446.6 -400 (100) 300 (100) 400 (80) 260 450 0.0098 0.36 yes 2.84e-04
SDSS J082558.78+034520.9 -500 (300) 400 (300) 100 (200) 280 680 0.0037 0.09 · · · · · ·
SDSS J082601.74+094556.2 -130 (20) 70 (30) 160 (20) 97 190 0.13 19 yes 3.37e-04
SDSS J082609.73+194126.3 -300 (100) 100 (200) 200 (100) 110 190 0.03 2.1 · · · 1.74e-04
SDSS J082619.55+333042.7 -400 (300) 100 (500) 300 (300) 74 110 0.039 3.1 yes 6.31e-05
SDSS J082808.59+185127.3 -300 (400) 200 (300) 300 (200) 500 980 0.013 0.51 no 6.64e-06
SDSS J082823.58+210036.0 -400 (300) 300 (500) 400 (300) 700 1300 0.0082 0.26 yes 2.17e-04
SDSS J082828.18+471737.9 -500 (200) 300 (200) 200 (100) 320 510 0.0086 0.31 · · · 4.69e-04
SDSS J082835.00+241547.6 -400 (200) 200 (400) 400 (200) 350 650 0.014 0.58 no 9.61e-07
SDSS J082845.07+133551.0 -230 (60) 200 (100) 200 (60) 93 170 0.029 1.8 yes 3.14e-04
SDSS J082903.54+231651.0 -400 (100) 200 (200) 400 (100) 100 160 0.012 0.52 no 1.48e-05
SDSS J082909.17+135813.2 -200 (100) 100 (200) 30 (90) 200 390 0.054 4.7 · · · 1.77e-04
SDSS J082918.99+270134.7 -500 (300) 300 (200) -100 (100) 500 900 0.0076 0.25 no · · ·
SDSS J082946.68+130523.6 -300 (200) 200 (200) 400 (100) 490 1000 0.015 0.67 no 7.89e-05
SDSS J082959.68+265657.5 -390 (60) 200 (100) 380 (60) 110 180 0.012 0.51 no 3.50e-05
SDSS J083001.53+054932.8 -400 (300) 200 (200) 300 (100) 500 1200 0.012 0.46 no · · ·
SDSS J083025.48−053638.8 10 (70) -0 (100) 20 (70) 110 310 12 16000 yes 1.26e-04
SDSS J083038.80+470247.0 -140 (80) 100 (200) 180 (80) 600 1000 0.062 5.1 yes 2.68e-04
SDSS J083043.50+221312.0 -400 (200) 200 (200) 400 (100) 1000 1900 0.011 0.43 no 6.31e-05
SDSS J083056.12+315941.9 -140 (60) 100 (100) 240 (60) 280 470 0.11 13 yes 4.37e-04
SDSS J083102.02+285741.9 -500 (300) 300 (200) 100 (100) 260 440 0.0089 0.32 · · · 1.60e-04
SDSS J083115.77+185024.8 -600 (300) 200 (400) 500 (200) 210 380 0.022 1.2 · · · 8.02e-05
SDSS J083143.02+120936.0 -140 (50) 110 (100) 130 (50) 380 780 0.069 6.4 yes 2.49e-04
SDSS J083233.10+611120.4 80 (nan) -40 (nan) 20 (nan) 120 190 0.47 120 yes 4.97e-04
SDSS J083253.66+233121.2 -500 (300) 200 (100) 400 (100) 590 1100 0.015 0.62 yes 5.07e-04
SDSS J083255.20−043046.3 -10 (20) 10 (40) 110 (20) 44 84 12 15000 no 9.02e-06
SDSS J083256.78+230347.2 -400 (200) 200 (300) 300 (200) 83 130 0.019 1.1 yes 9.95e-05
SDSS J083311.88+173456.9 -110 (70) 100 (100) 130 (70) 150 260 0.078 8.9 no · · ·
SDSS J083328.42+110657.9 -100 (200) 100 (400) 200 (200) 120 220 0.094 11 yes 2.96e-04
SDSS J083348.00+531632.1 -300 (200) 200 (300) 300 (200) 410 660 0.022 1.2 no · · ·
SDSS J083351.77+533006.1 -200 (100) 100 (100) 0 (90) 130 190 0.12 16 · · · · · ·
SDSS J083354.85+070240.2 150 (70) -60 (70) 80 (40) 130 260 0.24 40 yes 1.81e-04
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SDSS J083357.03+052901.2 -700 (200) 300 (200) 200 (100) 92 180 0.0077 0.28 · · · 1.44e-04
SDSS J083402.89+300144.4 -400 (300) 200 (200) 300 (100) 560 980 0.011 0.45 · · · · · ·
SDSS J083410.38+135355.8 -70 (20) 30 (40) 100 (20) 68 110 0.54 150 yes 2.21e-04
SDSS J083420.71+091709.7 -300 (300) 100 (100) 150 (100) 49 74 0.075 8.6 · · · 6.96e-05
SDSS J083437.92+443349.3 -400 (200) 220 (80) 420 (70) 150 220 0.013 0.56 no · · ·
SDSS J083449.33+530317.6 -300 (200) 100 (200) 400 (100) 490 800 0.046 3.2 no · · ·
SDSS J083552.05+143031.7 -400 (200) 300 (300) 400 (200) 270 510 0.0067 0.2 no · · ·
SDSS J083618.61+432651.6 -200 (100) 190 (60) -60 (50) 410 660 0.019 1 yes 8.25e-04
SDSS J083621.87+044624.3 -500 (200) 120 (50) 560 (40) 75 140 0.038 3.1 · · · 6.69e-05
SDSS J083630.34−041019.0 -50 (50) 30 (90) 80 (50) 100 240 0.71 220 no 1.13e-05
SDSS J083711.50+093828.9 -300 (90) 100 (200) 340 (90) 170 330 0.028 1.8 no 1.17e-05
SDSS J083722.44+265417.4 140 (60) -40 (100) -20 (60) 89 130 0.53 120 yes 2.56e-04
SDSS J083746.91+550255.7 -130 (40) 50 (60) 130 (40) 79 110 0.3 59 no 2.08e-05
SDSS J083808.00+530254.4 -400 (100) 300 (200) 400 (100) 480 760 0.0098 0.36 no · · ·
SDSS J083824.43+101608.7 -300 (200) 200 (200) 400 (100) 280 550 0.024 1.4 · · · · · ·
SDSS J083827.10+415015.5 -300 (200) 300 (300) 300 (100) 820 1300 0.015 0.64 yes 3.98e-04
SDSS J083833.17+140332.1 200 (200) -100 (400) -200 (200) 150 270 0.033 2.2 no 7.69e-07
SDSS J083845.87+191416.5 -270 (40) 130 (40) -10 (30) 230 400 0.033 2.3 no 5.82e-04
SDSS J083953.76+142745.9 -200 (300) 100 (100) 100 (100) 250 460 0.065 6.2 yes 6.33e-04
SDSS J084005.52+175241.5 -400 (300) 300 (200) -100 (200) 480 880 0.0096 0.35 · · · 5.67e-05
SDSS J084009.24+281202.0 -700 (300) 400 (400) 100 (200) 630 1100 0.0034 0.074 no · · ·
SDSS J084018.25+265603.1 -270 (30) 120 (40) 290 (30) 110 170 0.047 3.8 yes 4.19e-04
SDSS J084019.49+152833.8 -300 (300) 100 (200) 300 (100) 250 460 0.048 4 · · · 2.28e-05
SDSS J084056.91+275513.7 -310 (90) 200 (200) 330 (90) 120 180 0.019 1 yes 2.79e-04
SDSS J084105.88+453943.6 -130 (60) 70 (80) 80 (50) 150 210 0.11 16 no 4.79e-06
SDSS J084119.49+160133.1 -200 (100) 200 (300) 300 (100) 240 430 0.028 1.7 yes 8.50e-05
SDSS J084221.36+544834.6 -300 (200) 100 (300) 400 (200) 220 330 0.028 1.8 no 1.39e-04
SDSS J084225.20+174453.9 -100 (100) 100 (200) 150 (100) 180 320 0.19 32 no · · ·
SDSS J084229.67+525417.8 -700 (400) 400 (200) 200 (200) 370 580 0.0045 0.11 no · · ·
SDSS J084307.27+122610.1 -230 (100) 100 (200) 280 (100) 62 94 0.098 12 yes 1.56e-04
SDSS J084344.93+262000.7 -70 (20) 40 (40) 80 (20) 380 620 0.37 86 yes 3.74e-04
SDSS J084400.82+052305.7 -500 (100) 300 (100) 390 (80) 150 300 0.0082 0.29 yes 4.15e-04
SDSS J084405.94+094122.4 -160 (80) 100 (100) 260 (70) 240 450 0.078 8.2 no 5.78e-05
SDSS J084514.23+540311.6 -230 (60) 200 (100) 260 (60) 250 390 0.017 0.9 yes 1.32e-04
SDSS J084518.67+055911.8 -190 (70) 100 (100) 170 (70) 140 260 0.045 3.5 no · · ·
SDSS J084535.15+234806.0 -300 (100) 200 (200) 400 (100) 630 1100 0.012 0.52 no 2.71e-05
SDSS J084537.38+372151.2 -250 (100) 60 (100) 130 (60) 67 85 0.15 24 · · · · · ·
SDSS J084637.20+263618.1 -500 (200) 200 (200) 0 (100) 230 370 0.01 0.39 no 3.05e-04
SDSS J084730.63+111127.0 400 (200) -100 (300) -300 (200) 330 610 0.026 1.6 no 3.07e-06
SDSS J084751.61+283113.6 -400 (300) 200 (100) 100 (100) 210 330 0.0086 0.33 · · · · · ·
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SDSS J084827.13+271542.4 -300 (300) 300 (200) 300 (100) 730 1200 0.017 0.71 yes 2.66e-04
SDSS J084833.60+005840.0 -160 (90) 100 (200) 160 (90) 110 200 0.095 11 yes 1.32e-04
SDSS J084846.18+192758.9 -300 (100) 200 (200) 300 (100) 200 320 0.011 0.45 yes 8.20e-05
SDSS J084852.37+050135.6 300 (200) -170 (100) 270 (70) 230 450 0.022 1.2 no 1.46e-05
SDSS J084854.02+072533.6 -400 (200) 200 (300) 400 (200) 190 360 0.014 0.63 no 7.78e-05
SDSS J084854.43+823437.2 -300 (300) 200 (600) 400 (300) 100 170 0.018 0.89 yes 3.61e-04
SDSS J084909.67+435045.1 -400 (100) 230 (60) -200 (60) 280 420 0.012 0.49 no 2.10e-04
SDSS J084940.56+065507.2 -200 (100) 100 (200) 100 (100) 960 1900 0.055 4.8 no 9.21e-05
SDSS J085048.86+601523.7 -40 (20) 10 (20) -40 (20) 57 68 2.5 1600 yes 6.25e-05
SDSS J085103.51+050210.8 -600 (200) 400 (100) 270 (90) 260 510 0.0043 0.1 yes 1.66e-04
SDSS J085107.30+033046.0 390 (nan) -100 (nan) 240 (nan) 37 48 0.057 5.7 · · · · · ·
SDSS J085110.26+024731.9 0 (300) -0 (500) 0 (300) 130 250 13 18000 yes 3.12e-04
SDSS J085115.23+453028.0 -400 (200) 200 (300) 300 (200) 550 840 0.015 0.59 no 3.37e-06
SDSS J085131.43+003338.7 -100 (300) 0 (400) 100 (300) 110 210 0.71 240 · · · 2.09e-04
SDSS J085142.17+182653.3 -300 (100) 300 (100) 360 (70) 1000 1800 0.013 0.5 yes 1.44e-04
SDSS J085202.07+115400.2 -400 (100) 300 (200) 400 (100) 210 360 0.009 0.31 no · · ·
SDSS J085208.85+064155.4 -700 (300) 400 (300) 100 (200) 460 890 0.0034 0.073 · · · 3.96e-04
SDSS J085218.18+173712.7 -290 (60) 120 (90) 130 (60) 150 240 0.041 3.3 no 5.17e-05
SDSS J085223.76+071326.1 -300 (200) 100 (400) 300 (200) 140 240 0.027 1.7 yes 2.96e-04
SDSS J085224.03+111520.9 -410 (30) 210 (20) 480 (20) 130 220 0.014 0.64 yes 3.13e-04
SDSS J085224.44+143308.2 200 (300) -100 (500) -200 (300) 140 220 0.038 2.7 no 1.66e-05
SDSS J085253.23+272620.9 -330 (50) 160 (90) 240 (50) 66 83 0.023 1.3 yes 3.42e-04
SDSS J085255.71+020025.6 50 (40) -20 (40) 40 (20) 510 1100 2 920 no 2.89e-06
SDSS J085336.04+072033.5 -400 (300) 200 (600) 300 (300) 91 150 0.013 0.55 no 4.93e-05
SDSS J085426.25+374653.0 -80 (30) 50 (60) 100 (30) 360 540 0.25 45 no · · ·
SDSS J085509.50+133947.0 -400 (100) 100 (100) 180 (90) 89 130 0.034 2.6 · · · 9.32e-05
SDSS J085542.50+044717.8 -400 (300) 100 (200) 200 (100) 70 110 0.035 2.7 · · · 9.75e-05
SDSS J085548.16+022341.7 -0 (300) 0 (500) -0 (300) 87 150 75 260000 yes 1.03e-04
SDSS J085555.58+190004.6 -200 (100) 100 (200) 300 (100) 170 270 0.037 3 yes 1.86e-04
SDSS J085557.46+053524.5 -400 (200) 200 (200) 400 (100) 230 420 0.015 0.7 · · · · · ·
SDSS J085558.38+832841.5 -100 (200) 100 (300) 100 (200) 190 350 0.1 12 yes 1.97e-04
SDSS J085611.94+365850.5 -100 (100) 50 (90) 10 (60) 490 730 0.23 41 no 3.04e-04
SDSS J085612.42+143756.9 -300 (200) 200 (300) 200 (200) 220 360 0.018 0.87 no · · ·
SDSS J085616.67+064632.2 -800 (300) 300 (500) 300 (300) 190 340 0.006 0.17 · · · 1.11e-04
SDSS J085631.58+030554.7 -40 (20) 20 (30) 30 (20) 100 180 2 1100 yes 1.47e-04
SDSS J085634.83+373913.5 -340 (90) 200 (200) 250 (90) 140 200 0.021 1.2 yes 3.38e-04
SDSS J085650.61+020051.9 -90 (80) 0 (100) 210 (80) 220 420 0.26 52 yes 3.55e-04
SDSS J085730.59+631845.2 0 (40) -0 (70) -40 (40) 300 460 750 7.5e+06 no 6.72e-05
SDSS J085741.44+153906.0 -250 (60) 200 (100) 140 (50) 340 560 0.021 1.2 yes 3.00e-04
SDSS J085812.40+323637.8 -300 (300) 100 (300) -200 (200) 210 300 0.023 1.4 · · · · · ·
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SDSS J085835.56+281356.3 -700 (300) 300 (400) 300 (200) 100 140 0.0066 0.21 · · · 3.93e-04
SDSS J085844.00+195152.1 -300 (400) 200 (700) 400 (400) 240 380 0.015 0.69 no 3.43e-05
SDSS J085847.48+371115.6 -300 (200) 200 (300) 200 (200) 1100 1700 0.018 0.85 no 2.88e-04
SDSS J085857.43+320809.5 -400 (100) 200 (200) 400 (100) 160 220 0.015 0.68 no 1.58e-04
SDSS J085911.28+043507.2 -400 (400) 200 (300) -100 (200) 190 350 0.022 1.1 no · · ·
SDSS J085923.50+035733.1 -170 (60) 100 (100) 200 (50) 690 1300 0.058 5.1 no 2.31e-05
SDSS J085931.07+580905.5 -500 (300) 200 (200) 400 (100) 130 190 0.018 0.95 · · · 1.61e-04
SDSS J085937.42+125203.6 -220 (80) 200 (200) 200 (80) 260 440 0.021 1 yes 1.97e-04
SDSS J085949.69+241858.5 -600 (200) 170 (80) 470 (60) 90 120 0.022 1.3 · · · 2.31e-04
SDSS J085956.47+082607.5 -400 (300) 100 (80) -140 (70) 59 83 0.054 5.2 · · · · · ·
SDSS J090039.62+160131.4 -300 (200) 100 (200) 400 (100) 190 300 0.03 2.1 no 6.78e-05
SDSS J090103.13+244718.9 -300 (300) 200 (200) 300 (100) 680 1100 0.012 0.5 no 8.27e-05
SDSS J090204.62+260814.3 300 (300) -100 (200) -300 (100) 120 160 0.072 7.6 · · · 4.34e-05
SDSS J090212.72+373757.4 -120 (60) 100 (100) 180 (60) 92 120 0.12 15 yes 4.37e-05
SDSS J090409.06+422702.3 -370 (60) 220 (100) 280 (50) 320 450 0.013 0.57 yes 3.30e-04
SDSS J090426.55+282456.9 -100 (200) 100 (100) 130 (100) 180 250 0.2 34 · · · 1.99e-04
SDSS J090437.32+225438.8 -190 (30) 100 (60) 200 (30) 91 120 0.062 5.9 no 1.14e-05
SDSS J090439.85+562141.9 -170 (60) 100 (100) 100 (60) 73 90 0.17 28 no 4.21e-05
SDSS J090449.80+093143.1 -350 (80) 100 (100) 160 (70) 54 71 0.064 6.9 · · · 6.95e-05
SDSS J090455.46+184741.9 200 (300) -100 (200) 400 (100) 170 250 0.047 4.2 · · · 1.15e-04
SDSS J090505.40+054811.8 -150 (80) 100 (100) 210 (80) 97 150 0.15 21 yes 4.56e-04
SDSS J090602.98+275925.2 -260 (50) 110 (80) 290 (50) 60 68 0.05 4.4 no · · ·
SDSS J090641.19+120313.1 -340 (80) 200 (100) 280 (80) 97 140 0.021 1.1 yes 5.53e-04
SDSS J090812.04+060421.3 180 (40) -90 (40) 10 (20) 83 120 0.07 7.2 yes 2.64e-04
SDSS J090847.38+613141.4 -120 (90) 0 (200) 140 (90) 81 100 0.53 140 yes 3.36e-05
SDSS J090903.57+370207.0 -200 (100) 100 (200) 200 (100) 220 300 0.039 3 no 2.40e-05
SDSS J090925.42+533700.7 -90 (50) 50 (90) 130 (50) 110 140 0.21 37 yes 2.07e-04
SDSS J091031.73+184731.1 -700 (300) 200 (200) 200 (100) 310 470 0.024 1.2 · · · · · ·
SDSS J091040.53+014548.2 -140 (60) 100 (100) 140 (60) 290 530 0.055 4.3 no · · ·
SDSS J091132.23+303605.3 -100 (100) 100 (100) 210 (80) 220 310 0.17 25 no 8.28e-05
SDSS J091143.10+222748.8 -240 (80) 100 (200) 260 (80) 190 280 0.033 2.3 yes 1.83e-04
SDSS J091211.01+442057.9 -300 (100) 300 (200) 300 (100) 470 660 0.014 0.56 yes 4.25e-04
SDSS J091216.38+234442.6 -280 (40) 190 (40) 160 (30) 250 350 0.019 0.98 yes 7.40e-04
SDSS J091304.44+011418.7 -310 (90) 300 (200) 330 (90) 400 740 0.01 0.42 yes 3.01e-04
SDSS J091309.70+223346.8 -300 (80) 100 (100) 280 (80) 250 350 0.059 4.5 yes 2.76e-04
SDSS J091333.06+124429.7 -200 (100) 100 (200) 200 (100) 190 280 0.069 6.9 no 7.52e-06
SDSS J091411.55+231449.8 -700 (400) 300 (300) 100 (200) 300 430 0.0072 0.23 · · · 8.64e-05
SDSS J091442.45+590706.7 -600 (300) 600 (400) 0 (200) 1100 1700 0.0033 0.064 no 2.89e-04
SDSS J091508.22+415559.5 -110 (70) 100 (100) 120 (70) 140 190 0.095 12 no · · ·
SDSS J091513.42+313713.1 -200 (100) 100 (200) 200 (100) 200 270 0.053 4.5 no 5.03e-05
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SDSS J091540.28+102112.1 -300 (300) 200 (400) 100 (200) 550 890 0.027 1.5 yes 4.84e-04
SDSS J091547.85+143800.3 -200 (200) 100 (400) 200 (200) 760 1200 0.043 3.2 no · · ·
SDSS J091553.25+451129.2 -200 (200) 80 (90) 170 (60) 160 210 0.082 9.4 · · · 2.26e-04
SDSS J091601.48−003129.8 -170 (80) 70 (50) 150 (30) 80 120 0.14 19 yes 3.85e-04
SDSS J091621.83+052119.2 -250 (70) 200 (100) 260 (70) 210 340 0.025 1.4 no · · ·
SDSS J091625.51+441557.2 -300 (100) 100 (100) 270 (80) 150 200 0.029 1.9 yes 2.59e-04
SDSS J091651.32+403629.8 -100 (80) 0 (100) 90 (70) 180 230 0.34 78 · · · 7.76e-05
SDSS J091712.17+215426.0 -200 (200) 90 (80) 70 (60) 100 130 0.074 7.9 yes 1.50e-04
SDSS J091729.70+214333.8 100 (200) -50 (90) 180 (70) 130 170 0.19 36 · · · 5.49e-04
SDSS J091809.58+175216.2 -180 (60) 60 (30) 70 (30) 78 98 0.16 25 · · · 2.62e-05
SDSS J091844.47+313743.5 -330 (70) 200 (100) 370 (70) 510 720 0.012 0.49 no 3.50e-06
SDSS J091845.33+604931.9 -400 (200) 400 (400) -0 (200) 2700 4000 0.006 0.16 no · · ·
SDSS J091849.56+545601.8 -150 (90) 200 (200) 180 (90) 510 730 0.046 3.3 no · · ·
SDSS J091856.12+411317.9 -600 (400) 200 (200) 100 (100) 120 150 0.02 1.1 · · · 3.84e-05
SDSS J091916.07+294420.3 -60 (60) 40 (100) 110 (50) 440 620 0.4 93 no 1.31e-04
SDSS J091927.45+085133.3 -600 (200) 300 (200) 300 (100) 280 440 0.0064 0.19 yes 2.82e-04
SDSS J092017.96−001246.4 0 (300) -0 (200) -0 (100) 15 0 1.8 960 · · · 1.11e-04
SDSS J092030.33+301831.2 -430 (70) 300 (100) 370 (70) 320 440 0.0084 0.28 no · · ·
SDSS J092048.04+105734.5 -200 (200) 100 (200) 300 (100) 160 240 0.041 3.2 · · · 1.16e-04
SDSS J092100.49+043216.6 -200 (200) 100 (200) 200 (100) 330 540 0.036 2.8 no · · ·
SDSS J092104.12+425044.6 -100 (100) 30 (70) 30 (50) 45 43 0.46 140 · · · 2.78e-05
SDSS J092137.90+161338.5 -100 (100) 100 (200) 140 (100) 100 130 0.13 19 yes 2.31e-04
SDSS J092200.71+181714.1 -300 (100) 100 (200) 300 (100) 140 180 0.036 2.6 no 2.74e-05
SDSS J092203.36+394002.1 -80 (20) 60 (20) 110 (10) 320 430 0.19 31 no · · ·
SDSS J092215.72+303954.5 -310 (100) 200 (200) 310 (100) 76 87 0.02 1.1 no 1.06e-05
SDSS J092257.55+290416.0 -300 (100) 200 (100) 250 (80) 380 530 0.02 1.1 no · · ·
SDSS J092313.99+205119.9 -400 (200) 200 (200) 400 (100) 280 400 0.018 0.92 no 1.84e-05
SDSS J092355.80+213051.8 -400 (100) 200 (200) 400 (100) 350 490 0.013 0.54 no 5.48e-05
SDSS J092406.27+012411.5 -300 (200) 200 (100) 370 (90) 420 730 0.019 0.93 no 2.13e-04
SDSS J092420.72+124031.3 -100 (70) 60 (60) 170 (40) 200 290 0.18 28 yes 1.03e-04
SDSS J092429.07+010448.3 -600 (200) 300 (200) 200 (100) 490 850 0.0074 0.23 · · · 6.77e-05
SDSS J092433.99+204020.1 -120 (80) 100 (100) 120 (80) 100 130 0.16 25 yes 1.37e-04
SDSS J092451.63−001736.5 -220 (90) 100 (100) 170 (80) 150 250 0.04 3 no 1.69e-05
SDSS J092452.40+002449.0 -190 (100) 110 (60) -20 (40) 110 180 0.047 4 yes 1.69e-04
SDSS J092509.36+064504.1 -300 (200) 200 (300) 400 (100) 270 430 0.017 0.83 no 2.63e-06
SDSS J092712.03+284629.3 100 (100) -70 (40) 80 (40) 150 190 0.1 13 yes 6.75e-04
SDSS J092737.67+255423.0 -400 (200) 200 (300) 400 (200) 180 230 0.022 1.3 · · · 3.08e-04
SDSS J092741.73+332959.2 200 (90) -100 (200) -120 (90) 220 290 0.044 3.5 yes 2.08e-04
SDSS J092835.30+382452.0 -100 (200) 100 (100) 140 (90) 450 600 0.18 29 no · · ·
SDSS J092930.52+284649.8 -300 (300) 100 (300) 300 (200) 150 190 0.033 2.3 yes 2.75e-04
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SDSS J093011.64+095319.6 -15 (10) 10 (10) 61 (8) 120 160 11 15000 no · · ·
SDSS J093045.92+225957.3 -400 (200) 300 (100) 340 (90) 380 520 0.009 0.33 no 1.57e-05
SDSS J093118.38+091240.7 -200 (200) 100 (100) 240 (90) 420 630 0.049 4.1 yes 3.99e-04
SDSS J093124.37+374527.5 -300 (200) 200 (300) 300 (200) 1000 1400 0.013 0.53 yes 4.79e-04
SDSS J093128.91+394120.0 -210 (80) 100 (100) 240 (80) 140 170 0.056 5.1 yes 2.41e-04
SDSS J093155.67+394607.8 -90 (50) 50 (30) 80 (20) 160 190 0.27 51 yes 2.28e-04
SDSS J093211.04+132903.3 -150 (90) 80 (50) 160 (40) 160 220 0.093 11 yes 4.78e-04
SDSS J093214.58+345235.5 -300 (100) 200 (300) 300 (100) 380 500 0.017 0.79 yes 1.02e-04
SDSS J093236.84+053026.7 -100 (200) 100 (200) 100 (100) 330 520 0.061 5 no · · ·
SDSS J093246.60+201916.3 -500 (300) 200 (500) 300 (300) 170 230 0.019 1.1 · · · 4.20e-04
SDSS J093311.91+092642.3 -80 (30) 30 (30) 140 (20) 83 100 0.47 130 no 1.34e-05
SDSS J093349.93+151718.6 -200 (200) 100 (400) 200 (200) 450 640 0.064 5.9 · · · · · ·
SDSS J093420.06+051209.3 -200 (200) 200 (300) 300 (200) 770 1200 0.03 1.8 no 3.88e-05
SDSS J093426.61+053753.7 -500 (300) 200 (200) 400 (100) 340 530 0.035 2.1 · · · 7.28e-04
SDSS J093427.91+204658.7 -600 (400) 100 (300) 500 (200) 68 75 0.058 6.1 · · · · · ·
SDSS J093432.49+031348.8 -300 (200) 200 (100) 100 (100) 300 470 0.021 1.1 no 3.25e-04
SDSS J093441.29+305026.0 -70 (30) 30 (50) 70 (30) 140 180 0.62 180 yes 2.75e-04
SDSS J093506.93+441107.0 -100 (200) 100 (100) 60 (80) 530 700 0.13 17 no 8.26e-05
SDSS J093526.43+245423.5 -400 (200) 300 (300) 400 (200) 320 430 0.0088 0.3 yes 2.72e-04
SDSS J093535.10+260111.2 -0 (200) 0 (100) 120 (80) 450 600 6.4 6800 · · · 6.57e-04
SDSS J093556.98+223036.1 -100 (90) 100 (200) 110 (90) 120 150 0.22 40 no · · ·
SDSS J093632.34+341932.7 -330 (70) 200 (100) 290 (70) 110 130 0.021 1.2 no 7.93e-05
SDSS J093636.40+625606.3 -0 (40) 0 (40) 30 (20) 84 100 230 1.5e+06 · · · 1.40e-04
SDSS J093645.14+420625.7 -600 (200) 200 (300) -0 (200) 300 390 0.0099 0.39 · · · · · ·
SDSS J093726.44+063000.8 -110 (40) 70 (70) 120 (40) 160 230 0.1 13 yes 3.18e-04
SDSS J093859.24+020925.2 -400 (200) 300 (200) 300 (100) 1000 1700 0.0072 0.22 no · · ·
SDSS J093904.03+051114.8 -100 (100) 100 (200) 200 (100) 200 290 0.13 18 · · · 2.02e-04
SDSS J093918.47+572901.2 -100 (100) 100 (100) 150 (70) 120 150 0.1 14 no 3.51e-05
SDSS J093936.64+373434.8 -130 (40) 80 (70) 170 (40) 100 120 0.093 11 yes 2.02e-04
SDSS J093937.91+173953.6 -100 (200) 70 (90) 60 (70) 440 610 0.13 18 no 2.16e-05
SDSS J093947.96+325807.4 -230 (80) 160 (40) 90 (40) 270 340 0.024 1.5 yes 6.53e-04
SDSS J093959.25+380139.2 -400 (200) 200 (300) 400 (200) 260 330 0.019 0.95 no 2.62e-04
SDSS J094002.40+534203.0 400 (100) -200 (200) -400 (100) 100 120 0.023 1.4 yes 2.25e-04
SDSS J094029.39+523324.8 -190 (80) 100 (200) 160 (80) 200 260 0.049 3.9 no · · ·
SDSS J094035.24+520007.6 -310 (60) 200 (100) 320 (60) 220 280 0.023 1.3 yes 1.93e-04
SDSS J094101.87+062221.2 -200 (90) 100 (100) 260 (80) 180 260 0.071 7.2 yes 3.10e-04
SDSS J094101.91+510719.8 -100 (100) 100 (200) 130 (90) 310 400 0.12 17 yes 1.87e-04
SDSS J094102.72+145453.0 -100 (200) 100 (400) 200 (200) 240 320 0.091 10 no · · ·
SDSS J094103.01+523257.4 -340 (90) 200 (200) 240 (90) 280 360 0.025 1.4 yes 2.27e-04
SDSS J094205.37+184658.0 -300 (200) 100 (100) -110 (80) 300 390 0.033 2.2 · · · 4.58e-04
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SDSS J094402.19+614308.0 -250 (70) 200 (200) 180 (70) 510 710 0.014 0.61 no · · ·
SDSS J094542.62+173859.9 -300 (300) 300 (300) 300 (200) 860 1200 0.013 0.48 yes 1.58e-04
SDSS J094557.26+413041.7 -200 (300) 100 (600) 200 (300) 180 220 0.033 2.2 yes 2.80e-04
SDSS J094634.49+203003.4 -100 (100) 40 (60) 210 (50) 93 110 0.43 120 yes 1.32e-04
SDSS J094637.34+631228.2 -400 (200) 200 (300) 300 (200) 240 330 0.012 0.54 yes 2.49e-04
SDSS J094640.32+233733.4 -110 (30) 40 (50) 230 (30) 120 140 0.64 170 yes 1.89e-04
SDSS J094700.62+181954.6 -110 (50) 80 (90) 100 (50) 220 290 0.11 14 no · · ·
SDSS J094716.58+675402.7 -300 (100) 300 (200) 300 (100) 1000 1500 0.013 0.5 yes 4.67e-03
SDSS J094738.36+165820.9 -200 (200) 100 (500) 200 (200) 260 330 0.042 3.2 no · · ·
SDSS J094744.55+123338.0 -250 (20) 100 (20) 70 (20) 58 61 0.057 5.3 yes 1.58e-04
SDSS J094745.63+632524.0 -900 (400) 200 (200) 200 (200) 120 150 0.013 0.52 · · · 2.65e-04
SDSS J094821.31+365935.4 -300 (100) 200 (200) 300 (100) 240 290 0.016 0.77 yes 3.66e-04
SDSS J094853.94+573957.7 -130 (60) 100 (100) 80 (60) 340 450 0.092 10 yes 1.38e-04
SDSS J094900.27+014746.4 -600 (500) 300 (300) 300 (200) 200 290 0.0069 0.22 · · · 2.80e-03
SDSS J094913.37+032254.5 -200 (100) 100 (200) 400 (100) 160 220 0.044 3.8 yes 4.13e-04
SDSS J094952.74+012603.5 -800 (300) 400 (300) 200 (200) 340 510 0.0035 0.079 · · · · · ·
SDSS J095033.44+171711.4 -400 (100) 240 (70) 390 (50) 420 550 0.011 0.42 no · · ·
SDSS J095108.74+025507.6 -200 (100) 100 (200) 200 (100) 200 290 0.07 7.2 no 1.10e-05
SDSS J095108.99+040602.0 -430 (70) 300 (100) 360 (60) 480 710 0.0084 0.28 yes 2.71e-04
SDSS J095245.74+182102.9 -60 (10) 50 (10) 60 (10) 98 110 0.33 71 no · · ·
SDSS J095250.12+324328.9 -300 (200) 200 (300) 300 (200) 190 220 0.02 1 no 1.79e-05
SDSS J095250.47+155304.2 100 (100) -90 (90) 30 (60) 470 620 0.092 10 no 2.44e-04
SDSS J095250.98+055637.0 300 (200) -200 (300) -300 (100) 420 600 0.018 0.87 no · · ·
SDSS J095308.64+481344.6 -180 (100) 100 (200) 210 (90) 380 480 0.051 4.2 yes 4.45e-04
SDSS J095423.11+240410.8 -200 (200) 200 (200) 220 (100) 730 930 0.023 1.2 no · · ·
SDSS J095458.28+504517.9 -60 (30) 30 (40) -20 (30) 150 180 0.82 280 yes 3.13e-04
SDSS J095458.86−002457.1 -10 (40) 10 (70) 110 (40) 260 380 24 41000 no 3.31e-04
SDSS J095632.23−003341.5 -280 (70) 100 (100) 330 (70) 72 90 0.041 3.3 yes 1.13e-04
SDSS J095641.79+013130.8 -380 (60) 160 (100) 480 (60) 130 170 0.023 1.4 yes 2.02e-04
SDSS J095706.00+615254.2 -700 (200) 500 (200) 200 (100) 340 460 0.0029 0.061 no 3.43e-05
SDSS J095723.83+020734.5 -130 (80) 100 (100) 150 (60) 180 260 0.15 23 no 1.69e-04
SDSS J095737.60+300136.6 -300 (300) 200 (200) -0 (100) 250 290 0.024 1.4 yes 3.11e-04
SDSS J095756.81+361445.0 -400 (200) 300 (100) 370 (90) 630 770 0.0089 0.31 no 1.42e-05
SDSS J095806.63+214403.2 -400 (200) 300 (300) 400 (200) 160 190 0.01 0.39 yes 4.96e-04
SDSS J095953.52−011504.5 -80 (30) 40 (40) 120 (30) 190 270 0.35 81 no · · ·
SDSS J100014.23+023742.2 -400 (300) 200 (200) 400 (100) 230 320 0.023 1.4 · · · · · ·
SDSS J100015.19+304330.5 -410 (80) 200 (100) 330 (80) 120 140 0.02 1.1 yes 2.28e-04
SDSS J100027.26+110140.6 -400 (100) 100 (100) 70 (80) 170 220 0.025 1.6 no 4.85e-05
SDSS J100117.50+020956.0 -200 (300) 200 (400) 100 (200) 1500 2200 0.023 1.2 no 1.41e-04
SDSS J100131.19+320323.4 -150 (80) 60 (70) 100 (50) 140 150 0.15 23 no 3.57e-05
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SDSS J100144.20+315111.5 -800 (300) 200 (300) 300 (200) 200 230 0.014 0.67 · · · 7.67e-05
SDSS J100206.98+435529.8 -100 (70) 0 (100) 120 (70) 210 250 0.24 46 no 6.99e-05
SDSS J100217.65+033659.9 -400 (300) 100 (300) 500 (200) 280 390 0.056 4.3 · · · 5.57e-04
SDSS J100310.06+041108.3 -300 (100) 200 (300) 400 (100) 560 790 0.015 0.66 no · · ·
SDSS J100347.64+352958.3 400 (200) -200 (300) -400 (200) 200 230 0.026 1.5 yes 3.19e-04
SDSS J100409.76+470519.8 -140 (70) 100 (100) 190 (60) 510 630 0.084 8.9 no 1.99e-05
SDSS J100413.18+342950.8 -200 (200) 200 (500) 200 (200) 790 960 0.035 2.2 no · · ·
SDSS J100441.82+263206.7 500 (500) -200 (400) 200 (300) 170 200 0.016 0.79 no 5.35e-06
SDSS J100503.41+211204.0 -120 (80) 100 (100) 130 (80) 160 180 0.22 39 yes 1.90e-04
SDSS J100529.93+521937.9 300 (300) -100 (100) 240 (70) 71 73 0.1 14 yes 3.25e-05
SDSS J100533.84+250149.5 -400 (100) 300 (200) 400 (100) 370 450 0.0094 0.33 no 6.58e-06
SDSS J100536.92+174100.2 -300 (200) 200 (400) 400 (200) 110 130 0.021 1.2 yes 3.17e-04
SDSS J100609.18+004417.1 -200 (100) 50 (50) 20 (40) 40 36 0.24 50 · · · 1.47e-04
SDSS J100636.40+563346.8 -300 (300) 200 (200) 300 (100) 310 390 0.022 1.2 no 7.91e-05
SDSS J100653.48+610028.7 -590 (60) 180 (40) 500 (30) 170 210 0.023 1.2 no 2.20e-04
SDSS J100655.32+263647.8 -400 (100) 200 (100) 260 (80) 460 550 0.011 0.46 no 9.08e-05
SDSS J100721.14+300851.6 -120 (100) 100 (200) 120 (90) 150 170 0.18 29 yes 2.12e-04
SDSS J100732.50+254334.6 -500 (100) 200 (200) 400 (100) 130 150 0.012 0.48 yes 9.68e-05
SDSS J100741.09+404125.9 -110 (40) 60 (70) 140 (40) 160 180 0.17 26 no 1.15e-05
SDSS J100810.27+541107.1 -20 (20) 10 (30) 20 (20) 300 380 5.4 4800 yes 2.74e-04
SDSS J100811.88+162450.4 -400 (100) 300 (60) 370 (60) 490 610 0.0082 0.27 yes 1.26e-03
SDSS J100821.19+260213.9 -300 (200) 200 (200) 300 (100) 440 520 0.022 1.2 yes 1.74e-04
SDSS J100844.74+120710.3 -100 (90) 100 (200) 100 (90) 400 510 0.17 27 no · · ·
SDSS J100900.48+360457.6 -430 (80) 300 (100) 370 (70) 610 730 0.0074 0.23 no · · ·
SDSS J100905.63+024441.3 400 (400) -200 (100) 300 (100) 83 97 0.014 0.79 · · · 1.70e-04
SDSS J100928.47+200412.8 -600 (300) 100 (300) 400 (200) 140 160 0.028 2 · · · 1.36e-06
SDSS J100953.70−002853.5 -200 (200) 100 (200) 0 (100) 260 370 0.13 16 no 2.26e-04
SDSS J101006.92+301211.3 -230 (70) 80 (100) 290 (60) 130 140 0.094 12 · · · 1.48e-04
SDSS J101032.63+344527.9 -500 (100) 300 (200) 200 (100) 530 620 0.0083 0.26 yes 1.53e-04
SDSS J101046.87+171348.9 300 (200) -100 (300) -200 (200) 250 300 0.025 1.6 no 7.36e-06
SDSS J101123.54+295201.7 -490 (70) 200 (100) 340 (60) 190 210 0.011 0.48 yes 2.47e-04
SDSS J101140.96+031412.2 -500 (200) 300 (200) -0 (100) 360 480 0.0091 0.34 · · · 2.00e-04
SDSS J101323.91+043946.2 -500 (400) 200 (100) -110 (100) 100 120 0.019 1 · · · · · ·
SDSS J101344.14+391135.7 -400 (300) 200 (500) 300 (300) 230 260 0.013 0.52 no 2.75e-05
SDSS J101356.33+272410.6 100 (60) -20 (90) 120 (50) 66 62 2.1 970 yes 9.29e-05
SDSS J101417.71+323648.1 -400 (100) 200 (200) 400 (100) 250 280 0.012 0.5 yes 2.32e-04
SDSS J101451.61+454148.1 -300 (300) 100 (300) 500 (200) 220 250 0.031 2.2 · · · 1.56e-05
SDSS J101501.07+185006.3 -200 (200) 100 (200) 170 (100) 180 210 0.045 3.7 no 5.97e-05
SDSS J101612.61+324239.1 -190 (90) 100 (100) 270 (70) 150 170 0.087 10 no 4.69e-07
SDSS J101614.70+490930.4 -300 (200) 100 (100) 310 (90) 330 400 0.072 6.6 yes 4.57e-04
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SDSS J101634.45+333418.0 -300 (200) 200 (400) 300 (200) 340 390 0.02 1.1 yes 9.07e-05
SDSS J101647.21−010907.2 -140 (30) 50 (30) 100 (20) 73 85 0.26 50 yes 1.06e-04
SDSS J101650.40+080749.3 -300 (300) 200 (200) 100 (100) 290 360 0.024 1.5 · · · · · ·
SDSS J101722.72+025147.8 -400 (200) 200 (300) 400 (200) 150 180 0.021 1.2 · · · 9.36e-06
SDSS J101804.31+253308.1 -100 (100) 0 (200) 100 (100) 160 180 0.33 72 yes 1.52e-04
SDSS J101805.57+463309.9 -400 (200) 200 (100) 60 (90) 250 290 0.01 0.42 · · · · · ·
SDSS J101819.46+174702.4 -100 (200) 100 (100) 60 (100) 720 880 0.15 21 no 4.01e-04
SDSS J101840.33+141408.1 -200 (100) 100 (200) 200 (100) 310 370 0.027 1.8 no 1.35e-04
SDSS J101922.84+285400.8 -300 (200) 200 (300) 300 (200) 790 930 0.031 1.6 no 3.43e-05
SDSS J101928.10+570804.3 -100 (300) 100 (300) -400 (200) 1000 1300 0.049 3.6 no 2.22e-04
SDSS J101934.96+202043.4 100 (200) -100 (200) 140 (90) 490 580 0.083 9 no · · ·
SDSS J101954.55+402636.2 -120 (100) 0 (100) 70 (80) 170 190 0.25 50 no 7.81e-05
SDSS J101954.64+531737.0 100 (100) -0 (200) 100 (100) 160 180 0.24 48 · · · 2.33e-04
SDSS J101958.61+283339.9 -200 (100) 100 (300) 100 (100) 230 250 0.051 4.3 no 2.19e-05
SDSS J102005.06+365342.8 -400 (200) 180 (80) 50 (60) 170 180 0.018 0.94 · · · · · ·
SDSS J102014.53+355320.8 30 (20) -10 (20) -30 (10) 190 210 3.6 2700 no 3.10e-05
SDSS J102102.26+174440.0 -290 (40) 150 (60) 270 (30) 170 190 0.028 1.9 yes 2.00e-04
SDSS J102118.16+265101.1 30 (30) -10 (50) 50 (30) 100 100 2.4 1600 yes 1.77e-04
SDSS J102122.46+433633.2 -40 (20) 20 (40) 50 (20) 160 170 2 1000 yes 2.42e-04
SDSS J102131.56+511623.0 -100 (80) 50 (70) 20 (40) 260 310 0.26 50 no 1.66e-04
SDSS J102205.96+080246.7 -20 (30) 10 (50) 60 (20) 310 390 4.4 3400 no · · ·
SDSS J102213.46+294120.0 -410 (100) 200 (200) 460 (100) 190 210 0.015 0.68 yes 6.00e-04
SDSS J102252.04+275828.9 -80 (20) 50 (20) 100 (10) 410 470 0.28 56 no · · ·
SDSS J102254.76+580334.0 -310 (100) 200 (200) 250 (90) 310 380 0.014 0.62 no · · ·
SDSS J102256.26+095418.5 -10 (10) 10 (20) 20 (10) 110 120 11 15000 no 4.57e-06
SDSS J102327.59+440050.3 -0 (300) 0 (200) -0 (100) 350 400 19 33000 · · · 3.04e-04
SDSS J102334.26+042722.3 -80 (40) 40 (70) 90 (40) 110 130 0.31 69 yes 1.69e-04
SDSS J102438.46+162458.3 200 (100) -100 (200) -100 (100) 160 180 0.061 5.9 yes 3.31e-04
SDSS J102453.04+103336.7 -500 (200) 200 (200) 300 (100) 1200 1500 0.016 0.6 no 2.17e-04
SDSS J102515.39+174937.6 -50 (20) 30 (30) 60 (20) 250 290 0.88 320 no · · ·
SDSS J102557.92+224315.7 -500 (200) 300 (200) -100 (100) 200 220 0.0051 0.15 no 1.08e-04
SDSS J102623.21+162938.6 -20 (50) 0 (100) 120 (50) 320 380 8 8500 yes 1.30e-04
SDSS J102625.70+344525.6 -200 (300) 100 (400) 0 (200) 73 68 0.18 33 · · · 3.52e-05
SDSS J102627.72+301710.2 -90 (60) 30 (80) 50 (50) 66 60 0.68 230 yes 6.61e-05
SDSS J102750.05+271244.2 -130 (50) 60 (90) 190 (50) 91 89 0.22 38 yes 3.71e-04
SDSS J102843.98+443252.7 -300 (300) 200 (600) 300 (300) 160 180 0.012 0.51 yes 9.50e-05
SDSS J102857.79+093129.9 -200 (200) 100 (400) 300 (200) 100 110 0.044 3.4 yes 2.21e-04
SDSS J103008.34+393715.5 -500 (500) 200 (200) -100 (200) 280 310 0.011 0.45 · · · 1.19e-04
SDSS J103024.66+464109.6 -90 (60) 0 (100) 90 (60) 170 190 0.32 70 no · · ·
SDSS J103121.97+202315.1 -110 (20) 50 (30) 90 (20) 110 110 0.27 52 yes 4.60e-04
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SDSS J103124.84+192620.7 -100 (300) 100 (100) 100 (100) 180 190 0.11 17 · · · 7.17e-05
SDSS J103152.47+362832.9 -400 (200) 200 (300) 300 (200) 160 170 0.014 0.61 yes 2.43e-04
SDSS J103209.78+372247.5 -110 (70) 50 (80) 80 (50) 170 180 0.23 46 no 2.95e-05
SDSS J103224.99+542915.4 10 (20) -10 (20) -40 (10) 1000 1300 15 21000 no · · ·
SDSS J103225.78+204935.7 -110 (80) 60 (70) 160 (50) 120 130 0.15 24 · · · 5.74e-05
SDSS J103258.46+012159.7 -130 (50) 90 (100) 140 (50) 210 270 0.085 8.8 no · · ·
SDSS J103318.90+593810.8 -500 (300) 300 (400) 100 (200) 730 930 0.0075 0.24 · · · 1.74e-03
SDSS J103426.19+151606.7 -300 (300) 100 (300) 200 (200) 310 350 0.034 2.3 no 7.97e-05
SDSS J103432.27+442956.6 -400 (200) 100 (400) 500 (200) 100 110 0.027 1.7 yes 1.48e-04
SDSS J103500.91+023008.7 -300 (300) 200 (200) 200 (100) 370 470 0.017 0.83 · · · 7.75e-04
SDSS J103501.26+104222.7 -120 (90) 60 (60) 160 (40) 600 730 0.18 28 · · · · · ·
SDSS J103514.79+390718.0 500 (50) -240 (50) -450 (30) 430 480 0.014 0.53 yes 2.37e-04
SDSS J103743.61+655448.0 -240 (60) 120 (80) 140 (50) 160 200 0.042 3.3 no 2.36e-04
SDSS J103813.54+210713.8 -40 (20) 40 (40) 50 (20) 530 600 0.64 170 no 3.87e-05
SDSS J103837.22+015058.5 -180 (80) 200 (100) 200 (60) 790 1000 0.041 2.7 yes 2.87e-04
SDSS J103952.62+285421.9 -200 (100) 100 (200) 200 (100) 520 580 0.036 2.4 no · · ·
SDSS J104012.99+252559.9 -300 (100) 90 (50) 110 (40) 89 85 0.066 6.9 yes 2.92e-04
SDSS J104036.43+515508.4 -400 (200) 200 (200) 100 (100) 280 320 0.023 1.3 · · · 9.54e-05
SDSS J104057.48+083421.6 -280 (30) 120 (30) 110 (20) 110 120 0.042 3.4 yes 1.31e-04
SDSS J104103.81+201945.0 -100 (100) 0 (200) 100 (100) 380 420 0.28 59 no 1.28e-04
SDSS J104107.67+092103.3 -200 (200) 100 (200) 300 (100) 780 940 0.041 2.9 no 3.80e-04
SDSS J104113.67+293903.1 -400 (200) 200 (200) 280 (90) 330 350 0.01 0.43 · · · 2.73e-04
SDSS J104126.53+513607.3 -300 (200) 200 (300) 200 (200) 350 410 0.015 0.78 · · · 3.76e-04
SDSS J104142.56+391900.2 -190 (90) 100 (200) 250 (90) 380 420 0.05 4.2 no · · ·
SDSS J104155.90+303257.0 300 (300) -100 (300) 200 (200) 200 210 0.035 2.7 · · · 2.69e-05
SDSS J104219.08+442916.0 -200 (100) 100 (100) 120 (70) 180 190 0.087 10 no 5.05e-05
SDSS J104318.66+305013.0 -300 (300) 200 (100) -100 (100) 250 270 0.015 0.77 no 1.85e-04
SDSS J104322.98+051235.9 -300 (200) 100 (300) 300 (200) 220 260 0.026 1.8 no 1.72e-04
SDSS J104346.93+402555.3 -110 (30) 60 (40) 120 (30) 140 140 0.18 30 yes 2.24e-04
SDSS J104358.60+060321.0 -130 (40) 40 (50) 190 (30) 83 85 0.28 61 no 8.84e-06
SDSS J104459.32+360554.7 -300 (200) 100 (400) 400 (200) 47 36 0.036 2.7 yes 1.82e-04
SDSS J104517.78−001833.7 -80 (20) 50 (40) 80 (20) 160 190 0.21 40 no 1.59e-05
SDSS J104534.46+315740.6 -190 (60) 100 (100) 250 (60) 560 620 0.038 2.6 yes 2.50e-04
SDSS J104604.39+214018.6 -400 (400) 400 (200) -100 (200) 660 730 0.0044 0.12 no · · ·
SDSS J104634.77+604835.8 -400 (300) 200 (100) -110 (100) 300 370 0.013 0.6 · · · 1.14e-03
SDSS J104635.23+594628.8 -400 (100) 300 (300) 100 (100) 800 1000 0.0081 0.28 no 6.74e-05
SDSS J104738.24+052320.3 -400 (200) 200 (200) -200 (100) 140 150 0.012 0.56 yes 2.38e-04
SDSS J104751.79+483503.8 -200 (100) 100 (200) 300 (100) 290 330 0.098 11 no 1.68e-04
SDSS J104838.47+624158.3 -400 (200) 100 (300) 300 (200) 260 320 0.035 2.3 no 1.10e-04
SDSS J104948.06+393324.7 -170 (70) 100 (100) 130 (70) 440 480 0.051 3.7 no · · ·
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SDSS J105008.94+473748.0 -400 (300) 200 (600) 300 (300) 330 370 0.012 0.47 yes 2.88e-04
SDSS J105038.63+413834.6 -600 (300) 300 (100) 70 (90) 160 170 0.009 0.34 · · · · · ·
SDSS J105051.71−001207.7 -600 (200) 400 (200) 100 (100) 210 250 0.0051 0.14 no 9.91e-06
SDSS J105113.08+154220.8 -20 (30) 20 (70) 80 (30) 1500 1700 2.9 1700 no 1.05e-05
SDSS J105133.36+663401.1 120 (20) -60 (20) 62 (8) 89 100 0.13 21 yes 9.97e-05
SDSS J105216.51+262524.2 -110 (60) 40 (50) 80 (30) 64 55 0.37 93 no 1.23e-04
SDSS J105227.72+100337.6 -30 (20) 10 (20) -10 (10) 50 41 3.4 2600 yes 1.27e-04
SDSS J105313.32+384835.1 -100 (100) 100 (300) 100 (100) 250 260 0.087 9.4 no · · ·
SDSS J105346.29+291652.6 -0 (200) 0 (300) 100 (200) 160 160 1.6 780 no 1.57e-04
SDSS J105405.22+283917.1 -170 (40) 70 (70) 210 (40) 57 47 0.11 15 yes 1.96e-04
SDSS J105417.85+170600.4 -450 (30) 150 (20) 540 (20) 100 97 0.025 1.6 · · · 6.84e-05
SDSS J105421.97+512254.2 -140 (50) 80 (90) 180 (50) 140 150 0.11 13 yes 2.35e-04
SDSS J105424.74+092258.2 -10 (40) 10 (60) -10 (30) 300 330 15 23000 no · · ·
SDSS J105436.18+100837.3 -20 (10) 10 (20) 60 (10) 140 150 9.1 11000 no 6.04e-05
SDSS J105526.24+472923.1 -450 (40) 230 (60) 390 (40) 100 100 0.012 0.5 yes 3.01e-04
SDSS J105548.51+044206.9 -200 (200) 100 (300) 200 (200) 540 640 0.039 2.9 no 1.86e-04
SDSS J105617.52+505321.2 -200 (200) 50 (80) 0 (60) 120 130 0.21 40 · · · 1.25e-04
SDSS J105623.85+025428.4 -100 (20) 50 (40) 40 (20) 190 220 0.25 49 no 1.91e-04
SDSS J105656.17+194458.5 -270 (60) 200 (100) 270 (60) 750 830 0.017 0.71 no · · ·
SDSS J105657.36+330416.2 -180 (40) 90 (70) 80 (40) 200 200 0.071 7.3 yes 3.99e-04
SDSS J105730.98+474614.4 -300 (100) 200 (200) 300 (100) 480 540 0.015 0.68 no · · ·
SDSS J105756.94+130703.6 -350 (90) 140 (100) 30 (60) 150 150 0.028 1.8 · · · 1.29e-04
SDSS J105806.04+152225.9 -370 (100) 300 (200) 300 (100) 430 480 0.0096 0.34 yes 1.03e-04
SDSS J105819.56+093659.4 -100 (100) 40 (60) 10 (50) 720 830 0.43 100 · · · 3.96e-05
SDSS J105845.27+164715.0 -90 (40) 70 (70) 110 (40) 310 330 0.15 21 no 1.08e-06
SDSS J105849.68+105027.8 -360 (80) 300 (200) 400 (80) 680 770 0.011 0.39 no · · ·
SDSS J105853.19+390018.3 -200 (100) 100 (200) 200 (100) 270 290 0.059 5.4 no 8.28e-06
SDSS J105853.59+005608.5 -80 (40) 80 (60) 130 (30) 1200 1500 0.17 23 no · · ·
SDSS J105958.53+363456.5 -300 (200) 200 (400) 300 (200) 330 350 0.026 1.6 · · · 2.44e-04
SDSS J110029.38+474645.8 -400 (200) 200 (400) 400 (200) 340 370 0.013 0.55 no · · ·
SDSS J110052.64+073534.6 -500 (200) 220 (90) -30 (70) 220 240 0.012 0.51 · · · 1.70e-04
SDSS J110106.35+134622.7 100 (100) -100 (200) -40 (100) 250 270 0.098 12 yes 8.77e-04
SDSS J110150.90+360559.5 100 (200) -100 (100) 0 (100) 420 450 0.2 36 · · · 1.00e-03
SDSS J110151.34+122241.5 -100 (200) 70 (90) 40 (80) 360 390 0.13 19 no 9.01e-05
SDSS J110213.46+553939.4 -400 (100) 300 (200) 400 (100) 1000 1200 0.011 0.41 no 8.75e-05
SDSS J110230.21+251526.3 550 (90) -300 (200) -340 (90) 290 300 0.0062 0.18 yes 2.72e-05
SDSS J110308.71+304445.5 -400 (300) 300 (500) 400 (300) 270 280 0.0098 0.36 no 2.30e-05
SDSS J110517.60+385125.8 -100 (20) 60 (30) -20 (20) 230 230 0.18 28 yes 1.31e-04
SDSS J110529.79−164719.4 -90 (40) 50 (60) 30 (40) 340 510 0.24 43 no 4.41e-05
SDSS J110627.67−010514.6 -100 (100) 40 (70) 120 (50) 100 110 0.48 130 yes 1.63e-03
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SDSS J110634.39+073712.2 -70 (60) 40 (40) 90 (30) 140 150 0.42 110 no 2.27e-04
SDSS J110652.91+284245.4 -60 (70) 0 (100) 60 (70) 270 270 0.48 120 no 5.06e-05
SDSS J110734.09−162414.4 -150 (70) 100 (100) 190 (70) 250 370 0.057 4.8 yes 2.77e-04
SDSS J110736.89+612232.9 -300 (100) 100 (300) 300 (100) 450 550 0.051 3.5 no · · ·
SDSS J110738.06+380051.4 -30 (50) 10 (80) 50 (50) 230 240 3.4 2400 yes 1.65e-04
SDSS J110741.48+283003.2 300 (200) -200 (400) -300 (200) 280 280 0.021 1.1 yes 2.46e-04
SDSS J110747.05+154219.6 -300 (100) 300 (200) 230 (90) 950 1000 0.014 0.55 yes 3.61e-04
SDSS J110749.81+290940.0 -20 (80) 0 (200) 30 (80) 750 790 3.9 2800 no · · ·
SDSS J110750.15+050559.0 -200 (20) 100 (20) 120 (20) 100 100 0.051 4.9 no 4.89e-05
SDSS J110758.95+275346.3 -100 (100) 100 (300) 100 (100) 470 500 0.22 39 no 1.37e-05
SDSS J110759.75+204110.6 -100 (100) 100 (200) 200 (100) 180 180 0.13 18 no 3.54e-04
SDSS J110805.35+652211.5 -400 (300) 200 (200) 200 (200) 450 580 0.01 0.39 · · · 1.08e-03
SDSS J110818.06+533307.6 -100 (100) 100 (200) 200 (90) 140 140 0.13 20 no 1.77e-04
SDSS J110826.47+092721.5 -400 (200) 200 (200) 400 (100) 280 310 0.015 0.69 no · · ·
SDSS J110834.67−154847.4 -20 (10) 10 (20) 60 (10) 270 390 4.8 3900 no 3.67e-06
SDSS J110843.04+312356.1 -50 (30) 30 (50) 30 (30) 230 230 1 360 no 1.34e-04
SDSS J110843.58+115515.9 -300 (400) 100 (200) 400 (100) 170 180 0.036 2.4 no 1.88e-04
SDSS J110854.23−145147.1 -60 (60) 0 (100) 90 (60) 290 410 0.57 160 no 1.25e-04
SDSS J110859.45−161214.0 -10 (30) 2 (9) 53 (9) 66 80 180 1e+06 · · · 6.84e-05
SDSS J110938.04+323938.6 -120 (30) 60 (50) 140 (30) 150 140 0.15 22 yes 4.67e-04
SDSS J110957.02+330245.8 -120 (90) 100 (200) 140 (80) 270 270 0.087 10 yes 2.70e-04
SDSS J111002.56+100637.1 -400 (100) 100 (200) 400 (100) 220 230 0.028 1.8 no 4.41e-05
SDSS J111021.03+304737.4 100 (300) -100 (100) 100 (100) 1000 1100 0.1 11 no 6.52e-06
SDSS J111045.91+321447.2 -200 (100) 200 (200) 250 (100) 320 330 0.025 1.5 no 1.03e-04
SDSS J111048.27+640759.3 -0 (20) 0 (40) 20 (20) 600 770 320 1.9e+06 no · · ·
SDSS J111210.25+392453.2 -0 (100) 0 (300) 100 (100) 290 300 2.4 1400 no 1.29e-05
SDSS J111251.21+190700.4 -70 (20) 40 (40) 70 (20) 580 610 0.37 81 no 1.29e-04
SDSS J111331.84+202013.0 -400 (100) 90 (90) 130 (60) 86 78 0.066 7.2 yes 5.11e-05
SDSS J111358.28+203206.1 -0 (100) 20 (50) 40 (50) nan nan 1.8 840 no · · ·
SDSS J111400.91+451823.1 100 (100) -100 (200) 200 (100) 330 350 0.083 10 no 1.36e-04
SDSS J111419.28+083829.0 -160 (40) 50 (70) 160 (40) 96 93 0.37 78 yes 1.88e-04
SDSS J111424.66+334123.7 -0 (300) 0 (100) 0 (100) 280 280 1.4 600 no · · ·
SDSS J111459.94+092411.1 -300 (200) 100 (100) 290 (90) 170 180 0.037 2.8 no 7.50e-05
SDSS J111501.52−120322.0 -260 (40) 110 (70) 250 (40) 160 210 0.049 4.3 no 9.60e-05
SDSS J111530.01+664300.9 -110 (30) 40 (50) 120 (30) 63 65 0.4 100 yes 1.25e-04
SDSS J111541.45+361926.2 -400 (100) 200 (200) 400 (100) 270 270 0.011 0.44 no · · ·
SDSS J111544.56+425822.4 610 (60) -300 (100) -250 (60) 72 63 0.0065 0.2 yes 1.83e-04
SDSS J111614.49+535720.9 -190 (60) 60 (70) 130 (40) 85 83 0.14 21 · · · 6.10e-04
SDSS J111615.74+590509.3 -30 (20) 20 (40) 40 (20) 350 420 2 1000 no · · ·
SDSS J111634.89+022338.2 200 (100) -100 (100) 10 (80) 320 360 0.076 8.1 · · · 4.40e-04
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SDSS J111710.54−125540.9 -40 (20) 20 (30) 60 (20) 290 400 1.3 590 no 2.21e-04
SDSS J111714.87+095415.2 -70 (50) 50 (90) 90 (50) 180 190 0.29 56 no 1.44e-06
SDSS J111714.96+095415.7 -80 (80) 100 (200) 90 (80) 560 620 0.23 41 no · · ·
SDSS J111715.71+110737.8 -260 (90) 100 (50) 80 (40) 95 90 0.05 4.9 · · · 6.73e-05
SDSS J111735.12+012939.8 -100 (70) 20 (30) 110 (20) 49 41 0.95 390 no 1.88e-06
SDSS J111751.30+290432.4 -300 (200) 200 (400) 300 (200) 310 310 0.021 1.1 yes 2.90e-04
SDSS J111810.20+131338.5 -200 (100) 100 (200) 200 (100) 180 190 0.084 8.8 yes 7.88e-04
SDSS J111914.19+380159.7 -110 (60) 70 (100) 90 (50) 380 390 0.13 18 no · · ·
SDSS J111920.12−104810.7 -300 (100) 200 (200) 300 (100) 300 390 0.015 0.68 no 4.60e-05
SDSS J111933.38+374411.3 -140 (80) 100 (200) 100 (80) 340 350 0.047 4.2 no · · ·
SDSS J111950.70+185351.1 -0 (200) 0 (300) -0 (200) 450 470 7.1 6700 no 2.45e-05
SDSS J112012.71+190126.8 0 (100) -0 (300) 0 (100) 110 100 140 620000 yes 2.86e-04
SDSS J112016.09+675750.6 -100 (100) 0 (200) 0 (100) 180 230 0.73 240 no · · ·
SDSS J112048.76+381905.6 -70 (40) 50 (80) 70 (40) 200 200 0.2 36 no · · ·
SDSS J112104.75+602535.0 -0 (20) 0 (40) -60 (20) 230 270 11000 4.6e+08 no · · ·
SDSS J112149.99+285904.7 100 (200) -100 (300) -100 (200) 98 88 0.16 24 no 4.32e-05
SDSS J112307.36+003216.1 -130 (100) 100 (200) 170 (100) 200 220 0.099 13 no 1.22e-04
SDSS J112308.40−115559.3 -300 (50) 130 (70) 200 (40) 63 68 0.036 2.7 yes 2.58e-04
SDSS J112357.73−011027.5 -120 (70) 70 (50) 120 (30) 170 190 0.11 15 no 3.76e-04
SDSS J112409.44+590935.8 -30 (30) 20 (50) 30 (30) 160 180 2.4 1500 no 1.08e-05
SDSS J112429.56+401303.7 -500 (200) 100 (200) 100 (100) 140 140 0.029 2.1 · · · 1.48e-04
SDSS J112512.29+290545.2 -280 (80) 200 (100) 220 (80) 170 160 0.024 1.4 yes 3.38e-04
SDSS J112613.96+405703.1 -600 (200) 300 (200) 100 (100) 10000 11000 0.0061 0.18 · · · 1.39e-05
SDSS J112623.88+010856.9 -200 (60) 200 (100) 220 (60) 350 400 0.026 1.6 yes 1.30e-04
SDSS J112636.77+145829.8 300 (300) -200 (100) 400 (100) 300 310 0.019 1.1 no 9.88e-05
SDSS J112651.03−081640.1 0 (100) -0 (200) 100 (100) 340 430 33 57000 no · · ·
SDSS J112712.22+172506.2 -250 (70) 200 (200) 250 (70) 640 670 0.018 0.79 yes 1.86e-04
SDSS J112722.01+424933.6 -100 (200) 0 (200) 140 (100) 140 140 0.61 200 · · · 6.43e-05
SDSS J112748.27−002859.9 -210 (80) 100 (100) 220 (80) 100 100 0.25 46 no 5.19e-06
SDSS J112812.64+671738.4 -40 (30) 30 (50) -0 (30) 260 330 1.1 420 no 1.74e-06
SDSS J112813.94+125234.3 -200 (200) 200 (200) 220 (100) 1000 1100 0.025 1.3 yes 2.17e-04
SDSS J112840.73+084117.5 -180 (100) 100 (200) 120 (80) 300 320 0.062 5.8 no 5.87e-05
SDSS J112909.50+663704.4 -170 (50) 100 (80) 70 (50) 110 130 0.058 5.7 yes 7.67e-04
SDSS J112927.53−081526.9 -250 (80) 200 (200) 270 (80) 590 750 0.016 0.78 no 7.95e-06
SDSS J113006.11−064716.0 -60 (20) 30 (20) 10 (10) 200 240 0.62 190 yes 2.96e-04
SDSS J113022.53+313933.5 -100 (100) 60 (90) -10 (60) 270 270 0.15 22 · · · 1.58e-04
SDSS J113139.06−032127.2 -150 (70) 80 (50) 80 (30) 150 160 0.077 8.7 yes 4.77e-04
SDSS J113202.12+611325.7 0 (30) -0 (60) -10 (30) 530 640 100 370000 no 1.99e-05
SDSS J113212.68+583743.8 10 (20) -10 (40) -10 (20) 200 230 19 33000 yes 1.52e-04
SDSS J113223.70+225313.2 -270 (70) 200 (100) 280 (70) 430 440 0.019 0.91 yes 4.31e-04
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SDSS J113309.03−012930.7 -40 (30) 20 (40) 50 (30) 110 120 2.5 1500 yes 7.30e-05
SDSS J113312.06+233212.7 -100 (100) 20 (50) 100 (40) 87 76 1.1 480 · · · · · ·
SDSS J113316.27+270747.6 200 (400) -200 (200) 400 (200) 540 550 0.029 1.8 no 3.28e-04
SDSS J113457.72+655408.7 -400 (100) 200 (200) 380 (90) 100 110 0.021 1.2 no 6.76e-06
SDSS J113511.14+000923.9 -170 (50) 90 (90) 200 (50) 260 290 0.08 8.7 yes 4.05e-04
SDSS J113511.35+601356.8 -500 (200) 110 (60) 10 (60) 44 36 0.052 4.8 · · · 1.77e-04
SDSS J113557.51+010310.4 -400 (200) 200 (400) 500 (200) 170 180 0.02 1.1 no 7.14e-05
SDSS J113600.68+001212.3 -200 (100) 100 (200) 200 (100) 740 850 0.062 5.3 yes 3.18e-04
SDSS J113609.59+484318.9 -30 (70) 20 (60) 40 (40) 150 150 2.1 1100 no 2.98e-04
SDSS J113655.17+040952.7 -110 (30) 30 (30) 120 (20) 61 53 0.46 130 yes 1.03e-04
SDSS J113705.47+392336.6 -300 (200) 200 (100) 260 (80) 480 490 0.023 1.3 no · · ·
SDSS J113800.35−001144.5 -40 (20) 20 (30) 50 (20) 190 210 1.3 600 no 1.41e-05
SDSS J113829.10+202040.2 -240 (30) 130 (40) 90 (30) 180 170 0.037 2.8 yes 4.13e-04
SDSS J113833.14+351825.9 -190 (90) 100 (200) 150 (90) 300 300 0.055 4.8 no 5.20e-05
SDSS J113907.58+511103.7 -230 (70) 200 (100) 140 (60) 340 370 0.019 1.1 no · · ·
SDSS J113941.32+265944.2 -500 (300) 200 (100) 0 (100) 190 180 0.013 0.57 · · · 3.54e-04
SDSS J114012.10+301308.8 -500 (400) 300 (500) 0 (300) 620 630 0.0085 0.28 · · · 2.87e-04
SDSS J114030.07+154231.6 -460 (90) 300 (200) 390 (90) 190 180 0.0088 0.31 yes 1.70e-04
SDSS J114036.04+575743.4 -400 (300) 200 (300) 300 (200) 5000 6000 0.011 0.41 no · · ·
SDSS J114046.44+331843.0 -400 (200) 200 (300) 500 (200) 100 93 0.014 0.61 yes 7.19e-04
SDSS J114049.41−025712.4 -400 (200) 200 (200) -200 (100) 170 190 0.02 1.2 · · · 1.08e-05
SDSS J114055.95+301828.0 -100 (100) 100 (100) 180 (70) 250 240 0.073 8.1 · · · 1.60e-04
SDSS J114150.32+212459.5 -90 (60) 100 (100) 90 (60) 1500 1500 0.13 15 no · · ·
SDSS J114312.57+000926.5 100 (100) -100 (200) 0 (100) 190 210 0.17 27 no 2.56e-04
SDSS J114316.55+665813.2 200 (100) -100 (300) -100 (100) 450 570 0.039 2.8 yes 3.28e-04
SDSS J114349.96+501020.2 0 (200) -0 (300) 100 (200) 67 58 1.4 650 yes 2.00e-04
SDSS J114415.65+455700.2 -110 (70) 100 (100) 130 (70) 190 190 0.13 19 yes 2.20e-04
SDSS J114509.78+381329.3 470 (nan) -200 (nan) -280 (nan) 39 26 0.015 0.7 yes · · ·
SDSS J114523.59+251510.9 -110 (90) 60 (50) 70 (40) 320 310 0.19 33 no 7.12e-06
SDSS J114524.45−020938.2 -80 (60) 60 (30) 80 (30) 770 900 0.19 30 no · · ·
SDSS J114651.16+602151.9 300 (300) -200 (500) -300 (300) 360 420 0.02 1.1 yes 4.45e-04
SDSS J114653.68+012518.2 -500 (300) 300 (300) 100 (200) 680 760 0.0065 0.2 · · · 2.73e-05
SDSS J114716.08+293930.3 -200 (300) 100 (200) 300 (100) 160 150 0.17 28 · · · 4.59e-04
SDSS J114720.00+112813.3 -400 (300) 300 (600) 400 (300) 740 780 0.0077 0.24 no · · ·
SDSS J114734.58+142658.9 -400 (300) 300 (200) 100 (100) 1000 1100 0.0073 0.25 no · · ·
SDSS J114735.93+291503.4 -100 (100) 100 (200) 160 (90) 300 300 0.18 29 no 5.51e-05
SDSS J114832.46+034934.4 -90 (30) 40 (40) 80 (30) 130 130 0.46 120 no 3.69e-06
SDSS J114852.51+440441.7 -200 (100) 90 (90) 80 (60) 490 510 0.099 11 · · · · · ·
SDSS J114913.53−014728.6 -70 (30) 40 (40) -0 (20) 600 690 0.36 80 no · · ·
SDSS J114948.00−012044.0 -220 (90) 100 (200) 210 (80) 380 430 0.048 4 no 3.17e-05
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SDSS J115031.25+365416.2 -70 (40) 40 (60) 90 (40) 240 230 0.43 100 yes 1.73e-04
SDSS J115053.41+062049.5 -200 (200) 100 (200) 100 (100) 1200 1300 0.11 14 · · · 1.46e-04
SDSS J115156.94−000725.5 300 (200) -90 (40) 100 (20) 62 54 0.072 8.2 · · · 1.59e-05
SDSS J115218.24+274825.9 -300 (200) 100 (90) -0 (70) 130 120 0.051 4.8 · · · · · ·
SDSS J115356.16+400137.5 200 (300) -100 (400) -200 (200) 200 190 0.047 3.9 · · · 2.02e-04
SDSS J115411.78+543251.4 -200 (300) 100 (200) -300 (100) 420 460 0.081 8.3 · · · 7.11e-04
SDSS J115510.86+271324.3 -200 (100) 100 (200) 200 (100) 470 460 0.037 2.6 yes 1.19e-04
SDSS J115554.24−025127.6 -170 (70) 100 (100) 170 (70) 160 170 0.058 4.8 no · · ·
SDSS J115848.88+171553.1 -140 (90) 60 (30) 110 (30) 75 63 0.17 28 yes 1.75e-04
SDSS J115857.33+152921.5 -300 (400) 200 (200) 100 (200) 910 940 0.015 0.64 yes 2.38e-03
SDSS J115900.77+401825.3 -400 (200) 200 (100) 440 (90) 400 410 0.015 0.69 no 1.31e-04
SDSS J115904.92+112716.2 -300 (200) 100 (100) -110 (90) 150 140 0.038 3.2 · · · 3.53e-05
SDSS J115950.24+400143.9 -450 (90) 200 (200) 470 (90) 170 160 0.012 0.5 yes 2.90e-04
SDSS J120222.11+411810.9 -400 (300) 200 (200) 300 (100) 460 470 0.019 0.99 · · · 3.85e-04
SDSS J120448.75+110157.9 -40 (70) 0 (100) 80 (70) 170 170 2.1 1200 yes 1.57e-04
SDSS J120455.43+133715.7 300 (200) -100 (300) -200 (200) 190 180 0.071 6.2 yes 3.41e-04
SDSS J120507.97+031234.4 400 (200) -140 (50) 230 (40) 150 150 0.034 2.3 no 2.71e-05
SDSS J120536.22+425608.1 -130 (20) 60 (30) 130 (20) 100 91 0.2 32 yes 2.90e-04
SDSS J120909.36+651020.8 -160 (50) 50 (60) 180 (40) 110 120 0.29 62 no · · ·
SDSS J120935.83+002924.4 -40 (40) 20 (70) 80 (40) 230 250 2 1100 no · · ·
SDSS J121033.61+185346.2 -100 (90) 0 (200) 80 (90) 330 330 0.27 53 yes 2.48e-04
SDSS J121048.46+054924.2 -200 (200) 100 (200) 160 (100) 410 430 0.05 4.3 no 1.44e-04
SDSS J121107.93+034216.7 200 (300) -100 (100) 300 (100) 340 350 0.027 1.8 no 2.03e-04
SDSS J121119.41+415555.3 -150 (50) 100 (100) 160 (50) 550 560 0.06 5.2 no 1.69e-04
SDSS J121130.94−024954.5 -200 (100) 100 (200) 200 (100) 290 320 0.042 3.3 yes 1.56e-04
SDSS J121150.94+110543.3 -400 (100) 200 (200) 400 (100) 120 120 0.021 1.2 yes 8.33e-05
SDSS J121258.25−012310.2 -260 (40) 130 (40) 120 (30) 100 100 0.035 2.5 yes 5.02e-04
SDSS J121318.15+510247.4 30 (10) -20 (20) -10 (10) 250 260 1.8 960 no 6.63e-05
SDSS J121324.26+380405.2 -400 (100) 200 (200) 400 (100) 870 880 0.02 0.91 no · · ·
SDSS J121334.25+394356.9 100 (200) -100 (300) -100 (200) 1400 1400 0.11 14 no 2.57e-06
SDSS J121356.87+363531.0 -70 (20) 70 (50) 50 (20) 340 330 0.17 27 no · · ·
SDSS J121408.95+265543.2 -400 (200) 200 (300) 300 (200) 110 96 0.019 1.1 yes 2.44e-04
SDSS J121412.68+410132.9 -180 (80) 100 (100) 120 (70) 700 710 0.041 3 yes 1.80e-04
SDSS J121423.12+410538.9 -400 (200) 100 (300) 400 (200) 280 270 0.059 4.7 yes 1.86e-04
SDSS J121625.88+432833.2 -70 (60) 0 (100) 80 (60) 370 370 0.42 100 no 3.51e-05
SDSS J121653.18+235034.8 -60 (70) 0 (100) -40 (70) 870 870 0.4 93 no 3.19e-04
SDSS J121928.06+161158.7 -150 (30) 40 (30) 160 (20) 43 29 0.4 100 yes 8.81e-05
SDSS J122007.62+631628.6 -400 (60) 170 (90) 410 (50) 250 290 0.022 1.2 yes 3.79e-04
SDSS J122024.13+231721.8 -350 (80) 300 (40) -290 (40) 1000 1000 0.0084 0.29 no 2.25e-04
SDSS J122037.07+492334.2 -160 (80) 100 (100) 140 (70) 450 470 0.056 4.7 yes 2.89e-04
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SDSS J122105.35+492720.5 -190 (40) 90 (70) 170 (40) 120 110 0.079 8.4 yes 3.32e-04
SDSS J122149.09+285628.2 -200 (300) 100 (400) 0 (300) 130 120 0.2 35 no 1.94e-04
SDSS J122315.42+313755.5 -300 (100) 200 (200) 400 (100) 330 310 0.016 0.73 no 2.87e-06
SDSS J122325.50+281143.6 -100 (100) 100 (200) 100 (100) 270 260 0.22 39 yes 3.63e-04
SDSS J122339.61−005631.2 -300 (100) 100 (100) 10 (80) 220 240 0.028 1.8 no 1.41e-05
SDSS J122514.93+292523.2 -230 (70) 100 (100) 220 (60) 120 110 0.06 5.4 yes 2.14e-04
SDSS J122553.02+010356.1 170 (90) -100 (100) 0 (80) 200 210 0.11 15 yes 1.84e-04
SDSS J122630.87+303852.6 -300 (100) 140 (50) 130 (40) 130 120 0.032 2.2 yes 6.42e-04
SDSS J122634.98+322020.8 -200 (100) 100 (200) 300 (100) 180 160 0.053 4.6 yes 7.34e-04
SDSS J122644.17+010302.6 -430 (30) 220 (40) 450 (30) 110 110 0.013 0.56 yes 3.53e-04
SDSS J122752.72−015053.1 -300 (300) 200 (300) 400 (200) 1200 1300 0.015 0.67 yes 3.47e-04
SDSS J122758.25+043123.4 180 (70) -100 (100) 40 (70) 310 320 0.14 19 no 3.54e-04
SDSS J122852.14+365727.6 -400 (300) 200 (200) 200 (100) 500 490 0.016 0.76 · · · · · ·
SDSS J122906.21+252232.2 -90 (70) 100 (100) 60 (60) 630 620 0.21 36 no 3.17e-07
SDSS J122930.66+263050.5 -300 (200) 200 (400) 300 (200) 200 180 0.019 0.99 yes 2.89e-04
SDSS J123022.53+390843.8 -500 (300) 130 (90) -90 (80) 100 91 0.031 2.3 · · · 5.85e-05
SDSS J123027.65+535323.6 -200 (100) 100 (200) 200 (100) 140 150 0.16 26 · · · 7.19e-06
SDSS J123139.81−031000.3 -400 (60) 170 (90) 270 (60) 98 97 0.021 1.2 yes 1.97e-04
SDSS J123152.96+553525.5 -100 (20) 40 (30) 110 (20) 90 85 0.31 69 no 9.64e-05
SDSS J123154.04+354550.3 -300 (300) 100 (100) 100 (100) 270 250 0.03 2.1 · · · 1.02e-04
SDSS J123214.39+351324.8 -300 (200) 300 (100) 290 (90) 1300 1300 0.015 0.64 yes 2.23e-04
SDSS J123223.81+380858.7 -210 (50) 70 (90) 190 (50) 160 150 0.2 29 yes 2.67e-04
SDSS J123234.08+601630.0 -300 (100) 200 (200) 200 (100) 300 340 0.022 1.3 no 5.56e-04
SDSS J123235.58+592026.9 -300 (300) 300 (300) 300 (200) 1000 1200 0.011 0.4 no 1.48e-04
SDSS J123325.30+283241.3 -200 (100) 100 (300) 100 (100) 290 280 0.045 3.5 no 3.99e-06
SDSS J123406.87+443115.3 100 (200) -60 (80) 150 (70) 190 180 0.14 21 · · · 7.76e-04
SDSS J123409.18+193630.8 40 (30) -10 (20) -10 (10) 110 100 3.1 2300 no 1.09e-04
SDSS J123417.46+195803.0 -0 (100) 0 (200) 0 (100) 540 530 5.2 4300 yes 1.23e-04
SDSS J123522.27+061854.2 -200 (200) 100 (100) 100 (80) 190 180 0.062 6.1 · · · · · ·
SDSS J123528.65+003042.2 -50 (30) 20 (50) 50 (30) 78 71 1.3 610 yes 2.04e-04
SDSS J123539.84+254142.3 -140 (70) 100 (100) 150 (70) 300 290 0.19 29 no 1.22e-04
SDSS J123749.24+614343.8 -140 (70) 100 (100) 150 (70) 240 270 0.1 12 yes 2.66e-04
SDSS J123834.37+362742.0 -200 (90) 100 (100) 210 (70) 200 190 0.083 9.5 · · · 2.47e-04
SDSS J123836.35−004042.3 -130 (90) 80 (80) 190 (50) 430 470 0.098 11 no 2.09e-04
SDSS J123847.54−021900.8 -400 (300) 300 (500) 400 (300) 230 250 0.01 0.38 yes 2.43e-04
SDSS J123902.93+654934.6 70 (20) -50 (20) 50 (10) 150 180 0.23 44 yes 3.82e-04
SDSS J123922.34+005548.8 -300 (200) 200 (300) 300 (200) 220 230 0.023 1.3 no 1.99e-04
SDSS J123942.13+483038.0 -400 (200) 200 (200) -0 (100) 300 310 0.0091 0.35 no · · ·
SDSS J124053.33+303428.1 -120 (60) 100 (100) 120 (50) 940 930 0.074 7.5 yes 2.92e-04
SDSS J124054.82+434043.5 -90 (20) 40 (30) 90 (20) 110 100 0.4 100 yes 2.07e-04
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SDSS J124140.76+600711.4 0 (30) -0 (50) -110 (30) 110 110 150 710000 no 1.31e-05
SDSS J124141.37+140539.5 -500 (300) 300 (200) 100 (100) 530 530 0.0089 0.31 yes 2.67e-04
SDSS J124216.23+640859.7 -210 (90) 200 (100) 220 (70) 890 1100 0.025 1.3 no 2.53e-05
SDSS J124232.46−064607.8 400 (200) -300 (300) -400 (200) 150 160 0.0097 0.35 no · · ·
SDSS J124246.16−063919.9 -200 (200) 100 (100) 200 (100) 1100 1300 0.041 3 no · · ·
SDSS J124250.40−085332.0 -400 (200) 300 (200) 360 (100) 570 690 0.0098 0.36 no 3.64e-05
SDSS J124254.62+450658.6 -500 (200) 200 (200) 500 (100) 370 370 0.038 2.4 no · · ·
SDSS J124342.94+144955.7 -300 (200) 100 (400) 300 (200) 150 140 0.034 2.5 yes 1.26e-04
SDSS J124356.79−064758.4 -110 (60) 100 (100) 180 (60) 160 170 0.21 38 yes 1.07e-04
SDSS J124359.57+251854.6 -310 (90) 200 (200) 280 (90) 290 270 0.016 0.72 yes 2.36e-04
SDSS J124432.25+101710.8 100 (200) -70 (90) -0 (90) 400 400 0.12 16 · · · 7.39e-04
SDSS J124511.47+584551.8 -100 (200) 100 (300) 100 (200) 550 630 0.22 36 no · · ·
SDSS J124611.85+325059.5 -200 (100) 100 (200) 300 (100) 170 150 0.14 19 yes 1.44e-04
SDSS J124702.76+313448.8 -300 (100) 100 (200) 300 (100) 170 150 0.038 3 yes 1.59e-04
SDSS J124731.83+585158.1 20 (70) -0 (100) -40 (70) 250 280 4.6 3700 no 5.31e-06
SDSS J124808.93+605726.4 -20 (50) 20 (30) -30 (20) 820 960 2.7 1600 no 1.38e-04
SDSS J124831.79+435318.4 -400 (200) 200 (400) 400 (200) 690 700 0.023 1.1 yes 3.42e-04
SDSS J124910.55+284333.8 -200 (100) 100 (200) 200 (100) 330 320 0.052 4.4 no · · ·
SDSS J124919.23+280459.1 -300 (200) 100 (300) 300 (200) 200 190 0.057 4.7 yes 2.29e-04
SDSS J124920.58+341631.4 -300 (100) 200 (200) 200 (90) 430 420 0.013 0.63 no 2.80e-04
SDSS J124935.09+375132.9 -300 (200) 200 (300) 400 (200) 160 140 0.02 1.1 yes 1.25e-04
SDSS J124945.15+495752.8 120 (40) -60 (70) -60 (40) 110 110 0.18 29 yes 1.34e-04
SDSS J124959.76+035726.6 -400 (600) 300 (600) 400 (400) 350 360 0.0093 0.32 yes 1.50e-03
SDSS J125105.18+502727.6 -60 (50) 30 (90) 10 (50) 410 430 0.61 180 no · · ·
SDSS J125108.43+344050.5 -200 (200) 100 (400) 200 (200) 200 190 0.048 3.9 yes 3.15e-04
SDSS J125109.24+004321.1 -700 (400) 300 (200) 100 (200) 340 360 0.0069 0.23 · · · 2.00e-04
SDSS J125146.04+290906.4 -180 (100) 100 (200) 130 (100) 270 260 0.11 13 no 1.68e-04
SDSS J125207.17+012156.8 -100 (200) 100 (400) 100 (200) 590 640 0.08 9 no · · ·
SDSS J125207.48+444827.8 -300 (60) 200 (100) 260 (60) 1200 1300 0.029 1.4 yes 3.63e-04
SDSS J125250.03−020608.2 -600 (300) 400 (200) 100 (100) 430 480 0.0046 0.12 no 3.98e-05
SDSS J125324.57+555457.4 -100 (100) 100 (200) -0 (100) nan nan 0.088 9.5 no · · ·
SDSS J125341.55+555322.4 -200 (100) 160 (70) -90 (60) 1700 1900 0.044 3.1 no · · ·
SDSS J125341.55+103414.0 0 (20) -0 (30) -30 (20) 100 92 160 830000 yes 9.92e-05
SDSS J125354.17+581327.5 -200 (100) 120 (80) 60 (50) 340 380 0.04 3.1 no · · ·
SDSS J125427.55+291531.6 -400 (100) 300 (300) 400 (100) 260 240 0.0085 0.32 no 6.79e-05
SDSS J125439.22+315929.6 -400 (100) 300 (200) 400 (100) 390 380 0.0095 0.34 no 4.49e-05
SDSS J125514.36+115600.0 90 (60) -30 (30) 110 (20) 120 110 0.65 220 no 4.59e-05
SDSS J125519.74+025423.8 -400 (200) 200 (200) 200 (100) 250 260 0.018 0.96 · · · 1.46e-05
SDSS J125622.69+182631.5 -100 (200) 100 (200) 200 (100) 460 450 0.12 17 no 1.17e-04
SDSS J125642.38+204201.8 -300 (100) 240 (50) -210 (40) 1000 1000 0.011 0.44 · · · 2.41e-04
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SDSS J125645.48+252241.7 -70 (80) 20 (90) 110 (60) 320 310 2.8 1400 yes 5.60e-04
SDSS J125716.07+423654.8 -300 (200) 200 (200) -100 (100) 320 320 0.023 1.4 no 2.95e-04
SDSS J125736.91+475521.8 -300 (100) 110 (50) 90 (50) 220 220 0.044 3.7 · · · · · ·
SDSS J125740.05+130514.3 -200 (300) 100 (200) 200 (100) 580 580 0.058 5.5 no 2.04e-04
SDSS J125757.88+545841.0 -320 (90) 330 (50) 330 (40) 780 870 0.01 0.33 no 1.53e-05
SDSS J125820.85+380926.9 -80 (80) 100 (200) 90 (80) 480 470 0.17 27 no 1.32e-05
SDSS J125903.40+193145.7 -300 (200) 300 (500) 300 (200) 1200 1200 0.016 0.65 yes 2.02e-04
SDSS J125919.51+321935.5 -100 (30) 50 (60) 110 (30) 200 190 0.23 43 no 1.69e-05
SDSS J125944.60+154456.2 110 (90) -40 (90) -70 (60) 95 81 0.4 100 no 2.46e-05
SDSS J130012.49+190857.4 210 (30) -90 (50) -110 (30) 140 130 0.077 8.4 yes 1.66e-04
SDSS J130022.41+373318.8 -300 (100) 100 (200) 300 (100) 220 210 0.029 1.9 no · · ·
SDSS J130032.01+153018.9 -90 (50) 40 (80) 80 (50) 180 170 0.39 97 yes 1.30e-04
SDSS J130041.00+571525.6 -400 (200) 300 (200) 300 (100) 1000 1100 0.0099 0.35 yes 1.82e-04
SDSS J130132.20+050535.5 300 (200) -200 (200) -200 (100) 230 230 0.017 0.91 no 1.70e-04
SDSS J130251.12+442918.4 -100 (200) 0 (100) 60 (90) 250 250 0.24 47 · · · 2.56e-04
SDSS J130339.00+185553.0 0 (50) -0 (100) -30 (50) 320 310 190 1e+06 no 5.88e-05
SDSS J130403.64+144955.6 -800 (300) 200 (200) 200 (200) 240 240 0.027 1.4 · · · 6.02e-05
SDSS J130439.18+292228.9 -200 (80) 300 (200) 140 (80) 850 840 0.018 0.89 no 6.70e-07
SDSS J130558.92+251449.8 50 (90) -0 (200) -40 (90) 440 430 0.67 190 yes 3.49e-04
SDSS J130814.03+121705.1 -320 (50) 160 (80) 30 (50) 210 200 0.023 1.4 yes 4.09e-04
SDSS J130902.93+222655.5 -200 (300) 200 (600) 200 (300) 230 220 0.03 1.9 yes 3.03e-04
SDSS J130942.34+383054.0 -400 (200) 200 (300) 300 (200) nan nan 0.016 0.77 no · · ·
SDSS J130956.38+292805.0 -80 (30) 60 (30) 40 (20) 320 300 0.2 35 no · · ·
SDSS J131033.52+533032.5 -300 (100) 200 (200) 200 (100) 670 730 0.028 1.7 · · · 2.58e-04
SDSS J131156.70+544455.8 -100 (50) 70 (90) 130 (50) 250 270 0.16 23 no 2.28e-06
SDSS J131208.11+002058.0 -30 (20) 20 (20) 20 (20) 190 200 2.2 1300 no · · ·
SDSS J131227.94+161505.3 0 (200) -20 (70) -30 (60) 420 420 1.3 560 · · · · · ·
SDSS J131247.93−003427.6 0 (60) -0 (100) 0 (60) 460 510 18000 9.2e+08 no 5.21e-05
SDSS J131249.46+592718.1 -90 (50) 30 (40) 30 (30) 88 87 0.48 140 · · · 1.67e-04
SDSS J131334.74+023750.8 -240 (80) 100 (100) 190 (70) 210 220 0.077 7.6 yes 2.80e-04
SDSS J131350.97+063432.5 10 (40) -10 (70) 50 (40) 380 390 14 22000 yes 2.74e-04
SDSS J131450.79+152453.5 -300 (300) 100 (300) -200 (200) 200 190 0.032 2.3 · · · 3.73e-05
SDSS J131646.08+273553.6 -260 (70) 200 (100) 280 (70) 480 460 0.019 0.96 yes 1.87e-04
SDSS J131709.08+245644.3 -400 (300) 400 (600) 300 (300) 1100 1000 0.0072 0.2 yes 9.56e-04
SDSS J131815.94+443208.4 -300 (200) 300 (300) 300 (100) 1300 1300 0.013 0.49 no 1.80e-05
SDSS J131824.17+230041.6 60 (20) -30 (20) -20 (10) 350 330 0.61 180 yes 3.83e-04
SDSS J131826.42+503357.7 -100 (200) 0 (200) 200 (200) 110 110 2 1200 · · · 2.19e-04
SDSS J131954.21+013418.1 -100 (30) 40 (50) 150 (30) 59 49 0.31 70 no · · ·
SDSS J131954.58−011208.3 -100 (20) 50 (30) 80 (20) 420 460 0.26 52 · · · 3.35e-04
SDSS J132001.24+112805.3 -100 (50) 100 (100) 160 (50) 490 500 0.13 17 no 1.26e-05
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SDSS J132040.28+661214.8 -330 (80) 200 (100) 310 (80) 590 740 0.014 0.6 yes 3.30e-04
SDSS J132117.66+040019.9 -200 (100) 100 (200) 200 (100) 380 400 0.04 3.1 no 1.05e-04
SDSS J132312.65−025456.1 -450 (20) 230 (20) 470 (20) 110 110 0.012 0.49 no 2.16e-05
SDSS J132341.89+541636.6 90 (20) -50 (40) 70 (20) 240 250 0.25 50 no 2.76e-04
SDSS J132355.29+301828.0 470 (nan) -70 (nan) 10 (nan) 52 38 0.11 15 · · · 9.24e-06
SDSS J132427.12+080425.3 -200 (100) 200 (200) 100 (100) 1200 1300 0.032 1.9 no · · ·
SDSS J132440.97+012805.8 500 (400) -200 (700) -400 (400) 94 89 0.01 0.41 no 7.62e-06
SDSS J132452.03+124825.5 -200 (100) 100 (200) 210 (90) 380 380 0.031 2.2 · · · 8.59e-05
SDSS J132725.72+505711.0 -100 (50) 80 (90) 100 (40) 590 630 0.11 14 no · · ·
SDSS J132824.77+222519.2 -300 (200) 200 (400) 200 (200) 500 490 0.022 1.2 yes 3.30e-04
SDSS J132830.93+125941.4 -200 (80) 100 (100) 110 (60) 170 160 0.037 2.9 yes 4.55e-04
SDSS J132914.90+114723.1 -160 (80) 50 (50) 140 (40) 120 110 0.2 35 no 9.09e-05
SDSS J132933.67+255743.3 -330 (80) 200 (200) 300 (80) 310 300 0.015 0.64 yes 1.35e-04
SDSS J132942.56+665539.8 -200 (200) 100 (300) 100 (200) 400 510 0.049 3.9 yes 1.78e-04
SDSS J133057.91+455224.5 -100 (200) 100 (400) 400 (200) 320 330 0.079 9.3 no 1.47e-04
SDSS J133058.19+012706.6 -190 (90) 100 (100) 110 (80) 210 220 0.065 6.4 no 3.23e-04
SDSS J133100.78+084404.5 -300 (100) 100 (200) 150 (90) 160 160 0.051 4.6 · · · 3.88e-04
SDSS J133111.63+535352.4 -30 (20) 20 (20) 50 (10) 270 280 2.5 1500 yes 1.62e-04
SDSS J133130.27+662304.9 -300 (200) 110 (60) 60 (60) 150 180 0.047 4.1 · · · 1.69e-04
SDSS J133146.45+183225.2 -110 (30) 50 (40) 80 (30) 170 160 0.21 37 no 1.40e-04
SDSS J133359.97+105453.0 -230 (70) 200 (100) 390 (70) 810 840 0.029 1.8 no 2.05e-04
SDSS J133607.08+290426.4 -200 (100) 100 (100) 90 (90) 610 610 0.061 5.7 no 5.36e-05
SDSS J133608.60+150143.2 -520 (100) 100 (100) 110 (70) 92 80 0.034 2.6 · · · 1.92e-05
SDSS J133613.07+124613.3 -90 (40) 40 (70) 90 (40) 150 140 0.45 120 no · · ·
SDSS J133633.22−013116.5 300 (300) -200 (600) -300 (300) 460 520 0.018 0.85 no · · ·
SDSS J133645.56−002231.3 0 (100) -0 (40) 30 (40) 280 310 55 160000 · · · · · ·
SDSS J133722.74+202855.0 -100 (60) 50 (80) 80 (50) 210 200 0.24 46 no 1.61e-04
SDSS J133732.33+082815.5 -200 (200) 100 (300) 200 (200) 320 320 0.069 6.8 yes 2.22e-04
SDSS J133830.07+102034.7 -10 (40) 10 (70) 30 (40) 590 620 9.5 11000 no · · ·
SDSS J133917.97+593752.7 -360 (90) 200 (200) 300 (90) 660 770 0.012 0.49 no · · ·
SDSS J133928.50+224844.8 -90 (70) 100 (100) 70 (70) 250 240 0.24 44 yes 1.38e-04
SDSS J133953.89+015614.9 -340 (90) 200 (200) 380 (90) 390 420 0.021 1.1 no 2.61e-04
SDSS J134008.04+082248.5 -30 (20) 20 (40) 20 (20) 110 100 2.1 1200 no 3.37e-06
SDSS J134051.01+321016.0 -400 (200) 200 (300) 300 (200) 170 160 0.018 0.94 yes 1.84e-04
SDSS J134100.04+602610.5 -200 (100) 100 (300) 100 (100) 360 420 0.066 6.1 yes 4.09e-04
SDSS J134135.24+612128.7 -200 (200) 200 (300) 200 (200) 570 670 0.028 1.7 no 1.44e-04
SDSS J134145.54+284649.9 -400 (400) 200 (100) -200 (100) 340 330 0.013 0.61 · · · 1.42e-04
SDSS J134208.95+044852.7 100 (200) -100 (300) -100 (200) 250 260 0.087 9.7 no 1.34e-04
SDSS J134406.32+212040.4 -170 (50) 100 (80) 120 (40) 270 260 0.059 5.8 yes 2.65e-04
SDSS J134428.42+052455.0 -300 (300) 200 (200) -0 (100) 480 510 0.02 1 · · · · · ·
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SDSS J134451.11+411036.3 -130 (60) 70 (100) 140 (50) 180 180 0.11 14 yes 3.05e-04
SDSS J134520.62+174805.4 20 (30) -20 (60) -10 (30) 290 290 2.1 1200 no 8.37e-06
SDSS J134554.22+005221.0 -200 (200) 190 (80) 60 (80) 950 1100 0.03 1.8 no 5.67e-06
SDSS J134557.68+330050.7 -100 (100) 100 (300) 0 (100) 740 750 0.27 50 no · · ·
SDSS J134613.91+214432.2 -300 (200) 200 (400) 300 (200) 260 250 0.014 0.61 yes 1.71e-04
SDSS J134624.89+021734.3 -300 (200) 200 (500) 300 (200) 180 180 0.02 1 no 7.21e-05
SDSS J134641.59+174357.5 -400 (200) 300 (400) 500 (200) 450 450 0.0084 0.28 yes 2.10e-04
SDSS J134714.31+412909.6 -300 (200) 200 (200) 240 (90) 1200 1300 0.013 0.53 no · · ·
SDSS J134721.81+270724.9 -120 (40) 90 (70) 90 (40) 330 330 0.085 9 yes 8.97e-05
SDSS J134725.84+084858.3 -400 (400) 300 (200) -0 (200) 370 380 0.01 0.38 no · · ·
SDSS J134737.98+055723.8 -500 (200) 230 (70) 460 (70) 190 190 0.011 0.47 · · · 4.68e-04
SDSS J134745.48+334719.4 -120 (80) 100 (200) 120 (80) 330 320 0.088 9.4 no · · ·
SDSS J134841.61+183410.5 10 (20) -10 (30) -10 (20) 110 94 20 34000 yes 1.10e-04
SDSS J134901.86+020136.5 -60 (90) 0 (200) 60 (90) 520 580 0.38 85 no · · ·
SDSS J134942.50+473001.7 -130 (40) 50 (40) 110 (30) 130 130 0.22 41 no 1.07e-04
SDSS J135012.61+274019.6 -60 (30) 30 (40) 50 (20) 240 230 0.64 200 no · · ·
SDSS J135039.55+261511.7 -200 (100) 100 (100) 130 (80) 320 310 0.034 2.5 yes 2.37e-04
SDSS J135043.94+193334.3 10 (10) -0 (10) -23 (9) 540 550 45 110000 no 3.65e-05
SDSS J135207.78+185033.8 -60 (40) 30 (80) 70 (40) 230 230 0.6 170 no 7.90e-06
SDSS J135228.15+452932.1 -300 (200) 200 (200) 0 (100) 570 600 0.02 1.1 · · · · · ·
SDSS J135437.77+191145.2 -20 (70) 0 (100) -10 (70) 190 180 6.4 6400 · · · 2.89e-04
SDSS J135521.32−023122.3 -0 (200) 0 (300) -0 (200) 1300 1500 1.9 890 no · · ·
SDSS J135643.56−085809.0 -50 (20) 40 (30) -10 (20) 440 560 0.59 160 no · · ·
SDSS J135930.16+180314.8 -400 (200) 240 (90) -120 (80) 460 460 0.011 0.46 · · · 1.56e-04
SDSS J135930.96−101029.7 -30 (10) 20 (20) 40 (10) 90 99 2 1100 yes 2.38e-04
SDSS J135931.90+054420.6 -160 (20) 80 (30) 90 (20) 91 85 0.09 10 yes 3.08e-04
SDSS J135935.59+362359.9 -120 (40) 60 (60) 150 (40) 100 89 0.16 27 yes 1.33e-04
SDSS J140115.68+214157.2 -400 (200) 200 (400) 400 (200) 96 84 0.014 0.61 yes 3.69e-04
SDSS J140155.82+193118.2 50 (40) -30 (20) 60 (20) 210 210 0.53 160 no 4.78e-04
SDSS J140202.52+252552.0 -200 (100) 200 (200) 260 (90) 1000 1100 0.023 1.2 yes 2.09e-04
SDSS J140236.66+542145.6 -200 (200) 100 (200) 400 (100) 450 510 0.032 2.1 yes 1.09e-02
SDSS J140353.51−014057.5 -800 (300) 400 (300) 200 (200) 500 580 0.0038 0.09 · · · · · ·
SDSS J140357.65+541856.5 -80 (90) 30 (90) 70 (60) 98 97 0.7 240 · · · 8.52e-05
SDSS J140526.06+111423.5 -210 (50) 90 (80) 210 (50) 220 220 0.072 7.6 · · · 1.41e-04
SDSS J140534.93+040906.7 -100 (200) 100 (400) 200 (200) 460 510 0.1 12 no 1.02e-04
SDSS J140544.82+600537.0 -500 (300) 300 (300) 0 (200) 930 1100 0.0083 0.23 yes 2.46e-04
SDSS J140557.30+445335.9 -200 (200) 30 (100) 120 (70) 68 57 0.85 340 · · · 1.33e-04
SDSS J140723.04+003841.8 -100 (50) 30 (70) 90 (50) 64 58 0.5 150 yes 1.11e-04
SDSS J140728.14+364202.2 -80 (80) 60 (40) 140 (40) 1100 1100 0.19 34 no · · ·
SDSS J140816.84+331448.5 -450 (60) 190 (100) 460 (60) 97 86 0.016 0.81 yes 1.73e-04
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SDSS J140847.14+295045.0 -300 (300) 100 (100) 100 (100) 240 240 0.034 2.6 yes 7.10e-04
SDSS J140850.09+202159.5 -270 (60) 200 (100) 200 (60) 380 390 0.021 1.1 yes 2.38e-04
SDSS J140923.27+371048.6 -110 (60) 100 (100) 100 (60) 250 240 0.09 9.1 no 7.84e-05
SDSS J140949.56+433911.4 -500 (100) 200 (200) 400 (100) 140 140 0.0098 0.38 yes 4.96e-04
SDSS J141052.79+375435.7 -10 (20) 10 (40) 30 (20) 800 840 11 12000 no 2.91e-05
SDSS J141057.74−020236.7 -40 (90) 0 (100) 50 (70) 300 350 0.74 260 no 2.43e-04
SDSS J141134.70+102839.8 -400 (200) 300 (200) 100 (100) 800 870 0.0063 0.19 · · · 5.88e-04
SDSS J141220.70+654123.3 -300 (100) 100 (100) 140 (90) 180 220 0.03 2 · · · 5.19e-05
SDSS J141231.53+264055.0 -250 (50) 190 (100) 230 (50) 530 540 0.022 1.1 yes 2.89e-04
SDSS J141325.20+515017.2 -600 (300) 400 (200) 100 (200) 15 0 0.0047 0.12 no · · ·
SDSS J141451.74−013242.8 -400 (100) 100 (200) 400 (100) 120 130 0.086 9 no 5.12e-05
SDSS J141635.71+360006.6 -30 (30) 30 (60) 10 (30) 290 290 0.88 320 no 4.78e-07
SDSS J141646.01+345050.1 -200 (100) 100 (200) 200 (100) 1100 1100 0.036 2.5 no · · ·
SDSS J141731.25+015059.0 -180 (70) 100 (100) 150 (60) 230 260 0.073 7.5 yes 3.06e-04
SDSS J141740.23+130148.6 -100 (100) 100 (200) 200 (100) 73 63 0.13 18 yes 4.65e-04
SDSS J141759.16+361542.8 -210 (50) 200 (100) 220 (50) 470 490 0.031 1.9 yes 3.08e-04
SDSS J141912.58+072816.9 -130 (40) 60 (70) 90 (40) 130 130 0.15 22 no 4.08e-05
SDSS J141927.30+470657.0 -160 (40) 90 (70) 100 (40) 380 400 0.095 10 yes 2.80e-04
SDSS J142105.32+572457.2 -20 (10) 20 (10) -10 (10) 240 270 2.4 1300 no 8.12e-07
SDSS J142226.64+234628.0 -400 (200) 400 (300) 300 (200) 1000 1100 0.0082 0.25 no 3.10e-05
SDSS J142241.90+513538.0 -190 (70) 200 (100) 190 (70) 390 430 0.029 1.6 no · · ·
SDSS J142355.07+240924.4 30 (50) -10 (40) 30 (30) 110 110 4.1 3300 · · · 6.85e-04
SDSS J142440.51+492957.9 -100 (20) 100 (40) 60 (20) 370 400 0.1 11 yes 1.10e-04
SDSS J142503.63+073846.5 300 (400) -200 (600) -400 (400) 210 220 0.022 1.2 yes 2.85e-04
SDSS J142522.83+210940.6 -30 (30) 20 (60) 30 (30) 130 120 2.3 1400 · · · 5.54e-05
SDSS J142541.32+023047.4 -60 (90) 20 (90) 190 (60) 120 130 1.9 1000 · · · 1.22e-05
SDSS J142541.81+442411.8 -60 (80) 0 (100) 100 (80) 360 380 0.52 140 no · · ·
SDSS J142557.28+442554.2 -0 (50) 0 (100) -20 (50) 280 290 88 300000 no · · ·
SDSS J142559.73+365800.8 -290 (70) 200 (100) 290 (60) 550 580 0.023 1.3 no 3.83e-04
SDSS J142610.28+600153.5 -260 (80) 200 (100) 170 (70) 230 270 0.021 1.3 no 2.36e-04
SDSS J142631.93+091621.1 -290 (40) 140 (70) 250 (40) 190 200 0.029 1.9 yes 3.30e-04
SDSS J142726.33+114347.6 -200 (200) 200 (400) 200 (200) 1100 1200 0.02 0.95 yes 2.72e-04
SDSS J142823.33+302655.9 0 (30) -0 (40) -10 (30) 180 180 14000 6e+08 yes 1.91e-04
SDSS J142824.52+455730.0 10 (20) -10 (30) 20 (20) 1000 1100 7.9 8600 no 5.55e-05
SDSS J142825.00+554944.7 -70 (40) 30 (70) 100 (40) 200 220 0.73 240 · · · 2.38e-04
SDSS J142917.87+285103.0 -300 (200) 200 (200) 200 (100) 310 320 0.019 1 no 7.13e-05
SDSS J142951.19+575949.1 -400 (100) 200 (200) 300 (100) 250 290 0.013 0.54 yes 6.78e-04
SDSS J143017.23−024034.2 -400 (200) 200 (400) 300 (200) 180 210 0.017 0.85 no 1.27e-04
SDSS J143026.85+073450.1 -0 (100) 0 (300) 100 (100) 130 130 2.8 1800 no 1.64e-05
SDSS J143043.97+111317.4 -300 (100) 200 (200) 100 (100) 530 580 0.019 0.98 yes 3.48e-04
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SDSS J143114.35+075707.0 -70 (80) 100 (200) 60 (80) 640 720 0.25 45 yes 1.82e-04
SDSS J143137.37+203843.3 -40 (50) 20 (60) 90 (30) 610 650 1.6 730 no 7.19e-05
SDSS J143143.83+565728.2 -800 (400) 300 (400) 200 (200) 130 140 0.0084 0.32 · · · 8.43e-05
SDSS J143222.08+611231.2 -150 (70) 100 (100) 140 (70) 140 160 0.16 24 no 7.08e-05
SDSS J143231.23+065222.3 -200 (100) 200 (200) 180 (80) 730 840 0.034 2.2 yes 2.69e-04
SDSS J143443.25+533521.2 -140 (30) 70 (50) 10 (30) 69 64 0.11 15 no 1.49e-04
SDSS J143519.16+362952.1 -80 (90) 30 (60) 20 (40) 81 72 0.47 130 yes 2.23e-04
SDSS J143547.87+373338.6 210 (30) -100 (30) 150 (10) 120 120 0.056 5.1 no 1.38e-04
SDSS J143551.65+043209.9 -100 (100) 100 (200) 110 (90) 960 1100 0.13 16 no 5.95e-06
SDSS J143604.00+571906.3 -400 (400) 300 (200) 400 (200) 890 1100 0.0084 0.27 yes 2.48e-04
SDSS J143628.56+145933.5 -110 (30) 50 (40) 50 (30) 110 100 0.25 50 yes 3.71e-04
SDSS J143633.67+615436.9 -800 (200) 200 (300) 200 (200) 100 110 0.013 0.56 · · · 6.96e-05
SDSS J143649.61+323734.2 -290 (60) 200 (100) 280 (60) 270 280 0.016 0.75 yes 2.76e-04
SDSS J143654.58−010515.4 -110 (70) 70 (90) 90 (50) 530 650 0.14 19 no · · ·
SDSS J143654.91−014009.7 -500 (300) 200 (100) -10 (100) 150 170 0.019 1 · · · 1.03e-04
SDSS J143717.52+385626.9 -300 (200) 200 (300) 300 (200) 260 270 0.016 0.75 no · · ·
SDSS J143717.65+242802.8 -160 (50) 200 (100) 170 (40) 850 910 0.031 1.9 no · · ·
SDSS J143722.17+380907.7 -200 (200) 200 (400) 200 (200) 740 800 0.032 1.9 no · · ·
SDSS J143746.70+573706.1 -290 (60) 200 (100) 280 (60) 110 120 0.026 1.6 yes 3.79e-04
SDSS J143809.13+330905.1 -140 (40) 70 (40) 100 (30) 130 120 0.11 14 yes 2.09e-04
SDSS J143826.04+421111.6 100 (200) -100 (100) 160 (90) 290 310 0.11 14 · · · 4.61e-04
SDSS J143914.28+413044.8 -300 (100) 200 (200) 300 (100) 200 210 0.018 0.87 no · · ·
SDSS J143938.71+363857.3 -500 (300) 300 (300) 200 (200) 900 980 0.0068 0.21 · · · · · ·
SDSS J143947.62−010606.9 -200 (300) 200 (600) 200 (300) 520 640 0.02 0.92 yes 1.13e-03
SDSS J143957.93+573944.7 -300 (100) 200 (200) 300 (100) 400 480 0.017 0.79 no 4.59e-05
SDSS J144123.88+144927.0 -100 (200) 100 (300) 200 (200) 90 85 0.11 14 yes 3.42e-04
SDSS J144149.17+360225.8 -140 (90) 100 (200) 230 (90) 160 160 0.1 14 yes 1.66e-04
SDSS J144253.26+633216.4 -500 (100) 200 (100) -110 (70) 210 260 0.0084 0.32 · · · · · ·
SDSS J144258.47+001031.5 -10 (10) 10 (10) -13 (10) 130 150 15 22000 yes 5.74e-04
SDSS J144307.84+340523.5 -300 (200) 200 (100) 150 (90) 880 950 0.017 0.82 no 2.74e-04
SDSS J144600.37+000817.1 -60 (40) 30 (50) 10 (30) 160 180 0.8 290 no 7.38e-05
SDSS J144600.72+332850.0 -80 (20) 60 (40) 70 (20) 250 260 0.18 30 no 1.21e-04
SDSS J144631.46+095945.0 -120 (60) 30 (80) 90 (50) 65 60 0.6 200 · · · 8.53e-04
SDSS J144655.55+132810.2 -200 (100) 100 (100) 220 (70) 230 250 0.045 3.8 no 2.33e-04
SDSS J144656.54+411154.9 -200 (300) 0 (200) 200 (100) 89 84 0.69 190 yes 5.95e-05
SDSS J144801.38+215342.8 -210 (50) 120 (30) 50 (20) 370 400 0.042 3.2 no 7.80e-04
SDSS J144821.54+433516.9 -200 (300) 200 (100) -300 (100) 1900 2200 0.028 1.5 no 1.13e-04
SDSS J144846.85+071304.3 -0 (400) 0 (200) 0 (200) 780 920 7.7 7000 no 3.13e-04
SDSS J144921.19+352431.0 -200 (100) 50 (60) 150 (40) 100 100 0.28 58 · · · 2.94e-04
SDSS J145040.50+554321.4 -60 (90) 30 (40) 70 (30) 76 75 0.56 190 · · · 2.54e-04
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SDSS J145051.87+414317.1 -90 (50) 50 (60) 100 (30) 170 170 0.23 46 no 7.86e-05
SDSS J145210.98+184846.6 -120 (70) 60 (80) 140 (50) 310 330 0.18 30 · · · · · ·
SDSS J145238.12+204511.9 -200 (100) 100 (200) 500 (100) 110 110 0.065 6.6 no 3.99e-05
SDSS J145248.80+234807.6 120 (50) -60 (70) -0 (40) 200 210 0.15 22 yes 4.85e-04
SDSS J145300.99+005557.1 -100 (200) 100 (200) 200 (100) 200 240 0.18 28 no 1.88e-04
SDSS J145305.77+001048.3 -100 (50) 50 (80) 90 (50) 140 160 0.25 48 yes 2.55e-04
SDSS J145317.72+312345.4 -300 (100) 200 (300) 300 (100) 200 200 0.021 1.2 no · · ·
SDSS J145331.70+405844.2 -400 (100) 140 (90) 270 (60) 65 57 0.024 1.6 · · · 1.06e-04
SDSS J145430.03+203902.6 -210 (50) 100 (60) 170 (40) 180 190 0.053 5.1 yes 2.07e-04
SDSS J145527.72+611504.8 -200 (100) 100 (200) 200 (100) 130 150 0.073 7.9 yes 2.02e-04
SDSS J145530.63+170317.8 -10 (10) 10 (20) 0 (10) 170 180 12 17000 no 2.03e-04
SDSS J145545.67+341809.6 -200 (200) 100 (400) 200 (200) 370 400 0.039 2.8 no 5.79e-06
SDSS J145611.69+592138.4 -110 (60) 100 (100) 110 (60) 290 350 0.11 12 no · · ·
SDSS J145632.77+482446.2 -100 (80) 100 (200) 90 (80) 310 340 0.13 19 no 1.31e-05
SDSS J145634.31+161137.8 -130 (40) 70 (20) 40 (20) 190 200 0.14 20 yes 5.65e-04
SDSS J145642.72+053101.9 160 (nan) -50 (nan) 0 (nan) 64 61 0.2 36 yes 6.59e-05
SDSS J145722.85−012121.2 -70 (10) 40 (20) 20 (10) 140 170 0.44 110 yes 3.00e-04
SDSS J145814.81+001242.7 -400 (600) 400 (400) -100 (300) 2700 3600 0.0082 0.25 · · · · · ·
SDSS J145848.23+102725.6 -200 (200) 100 (100) 170 (80) 160 170 0.13 18 · · · 9.15e-05
SDSS J145933.68+344235.0 170 (70) -100 (100) -130 (50) 340 370 0.065 6.3 yes 1.88e-04
SDSS J150019.34+165914.4 220 (50) -130 (40) -10 (20) 130 140 0.039 2.9 yes 4.46e-04
SDSS J150102.33+150429.7 -50 (40) 20 (40) 80 (30) 190 200 1.3 610 no 1.10e-04
SDSS J150118.41+042232.3 300 (200) -200 (100) 220 (90) 430 530 0.025 1.5 no 8.10e-05
SDSS J150152.59+443316.7 -500 (300) 200 (200) 400 (100) 240 270 0.012 0.5 · · · 5.99e-05
SDSS J150231.66+011046.0 300 (300) -100 (500) -100 (300) 210 260 0.037 2.8 no 1.56e-06
SDSS J150232.43+174403.6 -0 (30) 0 (40) -40 (30) 180 200 410 3e+06 no 1.23e-04
SDSS J150315.54+005823.4 -800 (100) 330 (50) 360 (50) 300 380 0.0053 0.15 · · · · · ·
SDSS J150337.22+582945.7 -400 (200) 100 (200) 200 (100) 190 220 0.036 2.8 · · · · · ·
SDSS J150438.86+321443.5 -20 (60) 0 (100) 40 (60) 760 860 2.7 1700 no · · ·
SDSS J150536.86+005144.2 -800 (300) 400 (100) 300 (100) 320 410 0.004 0.098 · · · · · ·
SDSS J150605.76+265457.5 -20 (40) 10 (50) 20 (30) 130 140 6.7 6900 no 1.19e-04
SDSS J150616.92+194937.0 10 (30) -0 (30) -110 (20) 810 940 39 88000 no · · ·
SDSS J150626.49+275924.5 -30 (20) 20 (30) -10 (20) 480 530 1.2 480 no 5.54e-06
SDSS J150648.12+002716.4 -400 (300) 200 (300) -0 (200) 370 480 0.014 0.55 yes 2.58e-04
SDSS J150657.58−012021.7 -200 (100) 100 (200) 200 (100) 220 280 0.087 9.9 yes 1.82e-04
SDSS J150700.50+481136.6 -110 (40) 50 (70) 80 (40) 330 380 0.29 52 no 1.50e-05
SDSS J150840.52+154231.9 -390 (50) 190 (40) -150 (30) 250 290 0.016 0.77 · · · 3.82e-04
SDSS J150919.21+431343.9 -300 (300) 100 (200) -100 (100) 570 660 0.03 1.9 · · · · · ·
SDSS J150950.76+323826.8 -400 (300) 300 (200) -300 (200) 1000 1100 0.0081 0.27 · · · 5.62e-04
SDSS J150954.40+243449.3 100 (100) -0 (200) 300 (100) 96 95 0.47 140 · · · 6.89e-06
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SDSS J151030.32+174733.2 -30 (90) 0 (100) 60 (80) 330 370 2.8 1800 no 5.66e-05
SDSS J151042.65+273510.3 -10 (30) 0 (40) 20 (30) 60 52 44 120000 · · · 8.24e-06
SDSS J151045.70+404827.1 -60 (20) 40 (30) 40 (20) 84 81 0.41 96 no 5.60e-06
SDSS J151046.75+022159.2 -300 (200) 100 (200) 200 (100) 93 100 0.052 4.8 · · · 1.31e-04
SDSS J151058.76+004112.7 -700 (200) 100 (300) 200 (200) 150 190 0.057 4.1 · · · 1.25e-04
SDSS J151212.08+015230.5 -300 (200) 200 (100) -40 (90) 410 540 0.03 1.9 · · · 2.07e-04
SDSS J151426.90+285720.5 -70 (70) 0 (100) 130 (60) 260 280 0.23 47 no 1.35e-04
SDSS J151637.62+120701.4 -100 (100) 50 (100) 160 (60) 130 140 0.29 61 no 1.76e-04
SDSS J151646.94+350729.7 -300 (100) 200 (200) 300 (100) 120 120 0.022 1.3 no 6.60e-05
SDSS J151714.96+423924.7 -210 (80) 100 (100) 140 (80) 100 110 0.044 3.5 yes 1.54e-04
SDSS J151744.71+062011.9 -100 (200) 0 (300) 0 (200) 260 330 0.55 150 no 1.69e-05
SDSS J151752.86+531455.6 -500 (400) 300 (200) -100 (200) 710 880 0.0074 0.23 · · · 1.11e-04
SDSS J151817.97+455334.2 -200 (100) 100 (200) 200 (100) 720 860 0.034 2.2 no · · ·
SDSS J151852.45+074459.4 30 (80) -0 (200) -70 (80) 260 320 1.6 790 yes 2.71e-04
SDSS J151921.73+353625.9 -60 (60) 20 (20) 70 (20) 54 46 1.3 620 · · · 1.46e-04
SDSS J151923.51+073403.7 20 (10) -20 (20) -110 (10) 1400 1800 2.5 1400 no · · ·
SDSS J151941.20+392137.6 -100 (100) 20 (60) 60 (40) 150 170 2 1100 · · · · · ·
SDSS J152002.85+081231.0 -120 (30) 30 (40) 90 (30) 160 190 0.89 260 yes 1.99e-04
SDSS J152022.29+323936.8 -100 (40) 40 (50) 90 (30) 170 190 0.34 77 no · · ·
SDSS J152033.43+063443.0 -20 (20) 10 (20) 30 (20) 130 160 20 29000 no · · ·
SDSS J152044.47+402206.2 -100 (50) 50 (80) 60 (50) 210 230 0.26 51 no 1.02e-05
SDSS J152054.29+610047.1 -450 (70) 200 (100) 430 (70) 130 160 0.016 0.81 yes 1.58e-04
SDSS J152116.98+420159.3 -310 (50) 280 (90) 250 (50) 660 780 0.0095 0.35 no 8.30e-05
SDSS J152121.75+321111.9 -400 (300) 100 (200) 400 (100) 130 140 0.032 2.4 · · · 5.57e-05
SDSS J152155.42+081102.5 -40 (70) 20 (40) 10 (30) 190 240 1.6 800 · · · 3.43e-04
SDSS J152244.22+072945.4 60 (10) -30 (10) -97 (8) 160 190 0.79 270 no · · ·
SDSS J152245.10+383746.3 -40 (80) 0 (100) -0 (70) 100 110 6.2 6600 · · · 1.11e-05
SDSS J152340.80+243451.0 -350 (50) 200 (100) 300 (50) 570 670 0.011 0.45 no · · ·
SDSS J152341.28+430529.0 -390 (60) 200 (100) 330 (60) 110 120 0.016 0.76 no · · ·
SDSS J152344.09+474709.8 -300 (100) 200 (200) 200 (100) 420 500 0.02 1.1 · · · 1.23e-03
SDSS J152354.70+403943.3 -50 (70) 0 (100) 10 (70) 230 260 1.2 550 · · · 9.99e-05
SDSS J152359.22+460448.9 -250 (30) 60 (40) 60 (30) 49 41 0.14 22 yes 1.45e-04
SDSS J152416.98+504749.0 -250 (50) 190 (100) 270 (50) 240 280 0.021 1.1 yes 4.16e-04
SDSS J152425.21+504009.8 -220 (40) 110 (50) 100 (30) 150 170 0.058 5 yes 4.37e-04
SDSS J152517.90+362945.3 -130 (50) 70 (90) 120 (50) 110 110 0.12 15 no 6.53e-06
SDSS J152716.46+242539.0 -200 (200) 100 (200) 120 (100) 250 290 0.057 5.7 no 1.71e-04
SDSS J152717.25+002413.4 -600 (200) 200 (200) -0 (100) 180 240 0.0097 0.38 · · · · · ·
SDSS J152744.11+100722.5 -100 (60) 100 (100) 140 (50) 120 130 0.22 37 yes 4.52e-04
SDSS J152804.92+331012.1 -400 (300) 100 (500) 100 (300) 150 160 0.031 2 · · · 1.23e-04
SDSS J152821.46+344314.9 100 (60) -40 (90) -60 (50) 210 230 0.32 68 yes 2.97e-04
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SDSS J152852.32+492054.7 -200 (100) 100 (200) 300 (100) 170 190 0.039 3 no · · ·
SDSS J152930.91+032754.0 -400 (100) 200 (300) 300 (100) 260 340 0.012 0.48 no 3.01e-05
SDSS J152933.26+002031.3 -300 (100) 100 (200) 100 (100) 180 250 0.027 1.8 yes 2.29e-04
SDSS J152952.54+550954.3 -210 (90) 100 (200) 130 (90) 140 170 0.076 8.2 no 1.82e-04
SDSS J153009.50+384439.8 -300 (100) 200 (200) 300 (100) 490 570 0.014 0.63 no 1.51e-05
SDSS J153041.18−012008.2 -400 (200) 300 (300) 300 (200) 350 500 0.0078 0.25 no · · ·
SDSS J153113.99+250318.1 -200 (200) 100 (300) 300 (200) 170 190 0.081 9.2 · · · 2.63e-04
SDSS J153140.82+112525.6 -300 (100) 100 (200) 300 (100) 200 250 0.041 3.4 no 9.44e-05
SDSS J153202.92+270520.0 -200 (200) 0 (300) 100 (200) 95 98 0.6 180 · · · 5.03e-05
SDSS J153257.77+083454.5 -70 (70) 0 (100) -50 (60) 740 990 0.29 59 no 1.73e-04
SDSS J153314.27+274408.0 -240 (90) 80 (30) 30 (30) 64 60 0.09 11 no 4.47e-06
SDSS J153329.88+033301.7 -140 (60) 120 (60) 90 (40) 750 1000 0.053 4.6 no · · ·
SDSS J153404.31+412026.1 -130 (80) 100 (200) 30 (80) 320 380 0.083 9.5 no 1.95e-04
SDSS J153421.88+391550.0 -90 (20) 50 (30) 60 (20) 82 83 0.29 62 no · · ·
SDSS J153517.55+115558.2 -160 (100) 100 (200) 150 (90) 210 260 0.096 11 yes 3.44e-04
SDSS J153531.41+144113.1 -200 (70) 100 (100) 130 (60) 600 760 0.039 2.9 no 9.11e-05
SDSS J153642.56+210747.5 -170 (50) 130 (90) 100 (50) 390 480 0.045 3.4 no 9.65e-05
SDSS J153648.31+010249.1 -170 (80) 40 (80) 120 (60) 110 140 0.53 140 · · · 2.67e-04
SDSS J153851.82+380741.6 -270 (100) 90 (70) -0 (50) 96 100 0.071 7.7 · · · 1.69e-04
SDSS J153914.69+263710.8 -310 (80) 200 (100) 180 (70) 170 200 0.026 1.6 yes 4.03e-04
SDSS J153924.25+013537.3 80 (40) -30 (60) 50 (30) 100 130 0.71 250 no 6.93e-05
SDSS J153934.63+092221.6 -420 (50) 170 (70) 280 (40) 82 92 0.019 1 yes 3.77e-04
SDSS J154005.74+121937.7 -70 (40) 50 (90) 80 (40) 300 390 0.31 60 no · · ·
SDSS J154108.23+171433.9 -300 (200) 200 (200) 280 (100) 640 820 0.018 0.87 no · · ·
SDSS J154124.61+331409.7 -300 (300) 100 (100) -150 (100) 140 150 0.048 4.8 · · · · · ·
SDSS J154136.48+271635.5 -110 (80) 100 (100) 190 (80) 140 160 0.18 30 yes 2.75e-04
SDSS J154140.50+222710.1 -200 (100) 100 (200) 300 (100) 240 290 0.043 3.4 · · · 2.31e-06
SDSS J154156.56+161511.5 -20 (30) 10 (20) 10 (20) 120 140 11 14000 no 1.13e-04
SDSS J154219.45+032311.0 -420 (90) 200 (100) 420 (60) 320 450 0.011 0.42 no · · ·
SDSS J154221.86+553957.3 -400 (100) 200 (200) 300 (100) 540 700 0.011 0.42 no 6.17e-06
SDSS J154234.59+354757.1 -480 (90) 200 (200) 410 (90) 120 130 0.014 0.68 yes 9.62e-05
SDSS J154344.06+060135.1 -300 (100) 100 (100) 100 (70) 170 220 0.043 3.5 no 1.07e-04
SDSS J154349.32+145418.4 -200 (200) 100 (300) 300 (200) 260 320 0.073 6.9 yes 1.93e-04
SDSS J154443.99+012933.4 -190 (50) 100 (100) 190 (50) 660 990 0.037 2.6 yes 2.07e-04
SDSS J154452.48−005731.1 -400 (300) 400 (600) 300 (300) 300 450 0.0083 0.25 yes 1.62e-04
SDSS J154543.32+330708.4 -400 (300) 300 (300) 200 (200) 1100 1400 0.017 0.64 yes 1.76e-04
SDSS J154605.14+124713.9 -0 (60) 0 (100) -30 (50) 830 1100 57 150000 no 2.58e-04
SDSS J154605.27+370854.3 -440 (20) 260 (20) 430 (20) 180 210 0.0098 0.36 no 2.03e-05
SDSS J154609.98+200320.7 -370 (70) 300 (100) 360 (60) 690 890 0.0096 0.34 no · · ·
SDSS J154652.15+492216.1 -400 (300) 100 (300) 400 (200) 110 130 0.039 3.2 · · · 5.85e-05
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SDSS J154656.31+214201.5 -300 (90) 100 (100) 330 (70) 210 250 0.036 2.7 · · · 9.14e-05
SDSS J154706.72+301301.2 -100 (100) 100 (100) 190 (70) 450 560 0.069 7.1 no 1.72e-04
SDSS J154811.65+312840.2 -460 (60) 190 (80) 480 (50) 210 250 0.016 0.77 no 1.32e-04
SDSS J154843.80+372749.8 -240 (60) 60 (70) 90 (50) 59 57 0.14 23 · · · 7.87e-05
SDSS J154846.00+405728.9 -600 (200) 200 (200) 100 (100) 65 64 0.022 1.4 · · · 1.71e-05
SDSS J154928.56+385419.4 -300 (200) 200 (300) 200 (200) 330 400 0.023 1.3 no · · ·
SDSS J154959.56+534911.5 -270 (90) 200 (200) 210 (80) 800 1100 0.019 0.91 no 1.12e-05
SDSS J155040.54+052150.3 -60 (30) 30 (40) 30 (30) 170 220 0.86 300 no · · ·
SDSS J155135.79+341440.2 -100 (100) 100 (200) 200 (90) 480 600 0.067 6.6 yes 2.16e-04
SDSS J155205.60+433825.9 -300 (200) 200 (200) 250 (100) 430 540 0.019 1 no 2.03e-04
SDSS J155332.87+045735.2 -200 (200) 100 (100) 130 (90) 260 370 0.07 6.9 no · · ·
SDSS J155502.00+244422.1 -40 (100) 30 (40) 60 (40) 220 270 1 370 no 1.20e-04
SDSS J155521.15+411650.2 -140 (60) 70 (100) 110 (60) 180 210 0.13 17 no 3.67e-04
SDSS J155540.00+271553.8 0 (100) -0 (300) 0 (100) 160 190 220 1.3e+06 yes 1.01e-04
SDSS J155554.25+545417.4 -270 (90) 200 (100) 270 (70) 570 760 0.033 2 no 1.11e-04
SDSS J155615.54+264607.0 -400 (300) 200 (200) -200 (200) 500 640 0.011 0.49 · · · 3.57e-04
SDSS J155712.06+151534.3 -110 (30) 60 (60) 140 (30) 370 500 0.2 31 yes 2.47e-04
SDSS J155714.75+395921.8 -400 (200) 200 (400) 400 (200) 180 210 0.013 0.53 no 1.07e-05
SDSS J155720.69+144217.7 -20 (20) 10 (20) 30 (10) 60 64 5.2 4900 yes 2.85e-04
SDSS J155735.37+155817.2 30 (90) -20 (50) 0 (40) 800 1100 1.4 590 no · · ·
SDSS J155742.68+362820.6 -400 (100) 100 (200) 400 (100) 140 160 0.096 9.7 yes 4.08e-04
SDSS J155808.50+264225.8 -400 (60) 200 (100) 290 (60) 95 110 0.021 1.2 yes 2.20e-04
SDSS J155833.64+300729.0 -600 (300) 300 (200) 300 (200) 520 670 0.0058 0.17 · · · · · ·
SDSS J155839.64+082720.1 -300 (200) 300 (200) 300 (100) 840 1200 0.0099 0.33 yes 1.69e-04
SDSS J155853.22+023138.3 -50 (20) 30 (30) 80 (20) 57 67 0.65 200 no 5.79e-06
SDSS J160059.83+362609.9 -110 (40) 50 (50) 130 (30) 83 90 0.24 48 yes 6.00e-05
SDSS J160117.73+363242.7 -300 (200) 100 (200) 100 (100) 76 81 0.093 12 · · · 8.81e-04
SDSS J160125.59+341402.3 -300 (200) 100 (300) 400 (200) 330 420 0.036 2.6 no 2.91e-04
SDSS J160132.22+063901.7 200 (300) -200 (400) 200 (200) 310 450 0.029 1.8 no · · ·
SDSS J160134.59+113954.5 300 (300) -200 (600) -300 (300) 150 200 0.017 0.81 yes 3.71e-04
SDSS J160136.70+050527.9 -370 (60) 300 (100) 390 (60) 360 540 0.0097 0.34 yes 3.67e-04
SDSS J160224.06+111252.1 0 (40) -0 (20) 20 (20) 180 240 390 3.3e+06 no 2.55e-06
SDSS J160333.18+541158.0 -100 (100) 100 (200) 100 (100) 280 370 0.11 13 no · · ·
SDSS J160341.13+074946.7 -300 (300) 200 (400) 300 (200) 770 1200 0.024 1.3 no 1.06e-04
SDSS J160349.68+084935.8 -0 (100) 0 (200) -0 (100) 1200 1800 1.6 750 no · · ·
SDSS J160434.05+075916.4 -400 (200) 100 (200) 500 (100) 130 180 0.029 2 · · · · · ·
SDSS J160540.17+461045.8 -180 (40) 180 (90) 120 (40) 360 460 0.035 2.2 yes 1.59e-04
SDSS J160611.51+091502.4 -200 (300) 200 (500) 200 (300) 170 230 0.028 1.7 yes 1.69e-04
SDSS J160635.90+233143.9 -400 (100) 200 (300) 300 (100) 390 520 0.016 0.68 yes 2.73e-04
SDSS J160645.02+284726.0 300 (200) -100 (300) -200 (200) 170 210 0.092 8.9 yes 2.97e-04
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SDSS J160655.28+424526.4 -200 (60) 120 (90) 150 (50) 340 430 0.046 3.7 no 1.68e-05
SDSS J160659.76+421708.5 -210 (90) 100 (100) 230 (80) 200 260 0.084 8.9 no 1.91e-05
SDSS J160821.48+085149.9 -220 (70) 100 (100) 70 (70) 78 98 0.1 13 no 3.38e-05
SDSS J160824.57+285524.9 -330 (90) 200 (200) 190 (90) 160 190 0.022 1.2 yes 3.94e-04
SDSS J160900.11+225934.1 -150 (90) 100 (200) 80 (90) 180 230 0.084 9.2 no · · ·
SDSS J160915.97+273559.5 -300 (100) 100 (200) 300 (100) 65 69 0.03 2.1 yes 1.83e-04
SDSS J161033.87+491536.7 -110 (60) 60 (60) 50 (40) 280 370 0.15 22 no · · ·
SDSS J161104.06+163947.7 -400 (300) 200 (100) -250 (90) 840 1200 0.016 0.73 · · · 1.52e-04
SDSS J161111.21+280901.2 -30 (70) 20 (70) -60 (40) 470 630 1.9 960 no · · ·
SDSS J161113.14+464044.3 -380 (90) 130 (50) 70 (40) 67 71 0.034 2.6 no 2.85e-05
SDSS J161131.70+001018.1 -360 (80) 310 (70) 350 (40) 650 1100 0.011 0.36 no · · ·
SDSS J161145.89+010327.8 -240 (50) 80 (70) 180 (50) 67 90 0.084 10 yes 1.53e-04
SDSS J161230.67+301718.7 50 (50) -30 (90) -80 (50) 210 270 0.69 210 yes 2.24e-04
SDSS J161234.35+155812.0 -450 (50) 300 (80) 340 (40) 220 310 0.0075 0.24 no 1.55e-05
SDSS J161239.06+455132.2 100 (100) -0 (200) 30 (100) 230 300 1 350 no 1.72e-04
SDSS J161315.11+245135.7 -200 (100) 200 (200) 300 (100) 64 69 0.025 1.4 no 3.80e-05
SDSS J161320.58+195827.7 -400 (200) 160 (90) -40 (70) 79 94 0.023 1.4 yes 2.07e-04
SDSS J161338.34+112740.1 -80 (20) 60 (20) 50 (20) 320 470 0.19 29 no · · ·
SDSS J161352.75+363356.1 -300 (200) 200 (400) 200 (200) 510 680 0.016 0.7 no 4.04e-07
SDSS J161505.51+235746.4 -140 (70) 100 (100) 0 (70) 140 180 0.14 18 yes 1.05e-04
SDSS J161528.31+051012.8 -200 (200) 100 (300) 300 (200) 180 270 0.075 8.2 · · · 9.74e-05
SDSS J161551.60+454048.6 -20 (30) 10 (40) -40 (30) 79 89 6.9 7100 yes 1.46e-04
SDSS J161631.18+050936.2 10 (20) -0 (30) 70 (20) 500 810 48 120000 no · · ·
SDSS J161655.78+175522.9 -10 (20) 0 (40) -40 (20) 110 140 27 56000 yes 1.64e-04
SDSS J161658.23+171356.0 -470 (40) 230 (30) 450 (20) 180 250 0.011 0.44 no 2.85e-04
SDSS J161715.27+081849.0 -300 (200) 300 (400) 400 (200) 910 1500 0.011 0.42 no 5.04e-05
SDSS J161809.70+490659.5 -170 (80) 100 (100) 70 (70) 340 460 0.084 9.4 no 2.25e-04
SDSS J161821.45+184832.6 -120 (70) 0 (100) 130 (70) 120 160 0.33 76 · · · 6.76e-05
SDSS J161931.75+005731.0 300 (100) -110 (70) 210 (50) 110 180 0.048 4.1 · · · 3.07e-04
SDSS J162028.93+630446.8 -100 (100) 30 (60) 130 (50) 280 400 0.72 230 yes 2.94e-04
SDSS J162051.71+343815.4 70 (50) -40 (80) -90 (50) 120 150 0.38 87 no 1.10e-06
SDSS J162209.33+500752.5 -320 (20) 320 (50) 330 (20) 420 580 0.011 0.37 yes 2.38e-04
SDSS J162324.06+343647.7 -100 (70) 20 (20) 70 (20) 29 20 2.1 1400 · · · · · ·
SDSS J162329.51+355427.2 -200 (200) 100 (300) 200 (200) 290 390 0.045 3.6 no 1.18e-05
SDSS J162351.64+403211.3 100 (300) -20 (90) -50 (70) 110 130 1.6 760 · · · · · ·
SDSS J162354.46+630640.4 -30 (90) 0 (200) 80 (90) 140 190 2.3 1300 yes 1.62e-04
SDSS J162408.06+364858.5 -140 (30) 80 (50) 130 (30) 150 190 0.091 10 yes 1.90e-04
SDSS J162425.20−010902.0 -400 (400) 300 (300) 200 (200) 460 860 0.007 0.23 no 1.08e-05
SDSS J162431.67−002248.3 -200 (100) 100 (200) 210 (90) 210 370 0.038 2.8 no 6.80e-05
SDSS J162444.42+120825.8 -100 (200) 100 (100) 40 (100) 310 480 0.21 40 · · · 3.73e-04
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( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J162449.00+321702.0 -220 (90) 200 (200) 230 (90) 240 320 0.027 1.6 yes 1.13e-04
SDSS J162517.58+140134.6 -300 (200) 100 (100) 10 (90) nan nan 0.03 2 no 2.07e-04
SDSS J162520.30+120308.8 100 (100) -0 (200) 20 (100) 76 100 0.89 340 yes 2.48e-05
SDSS J162552.91+640024.9 -0 (200) 0 (200) 100 (100) 58 67 3.7 3000 yes 5.99e-05
SDSS J162648.56+232604.0 -200 (80) 100 (100) 240 (70) 340 480 0.046 3.6 no 5.98e-05
SDSS J162652.19+141522.5 -300 (100) 200 (200) 200 (100) 270 410 0.023 1.3 no 1.95e-05
SDSS J162700.31+161317.1 -400 (300) 100 (500) 400 (300) 73 93 0.029 2 yes 6.75e-05
SDSS J162702.51+252235.9 -300 (100) 200 (200) 350 (100) 1200 1800 0.016 0.71 no · · ·
SDSS J162800.64+290058.7 -170 (70) 100 (100) 210 (70) 370 520 0.058 5.4 yes 2.09e-04
SDSS J162823.64+244159.7 300 (100) -300 (300) -300 (100) 840 1200 0.0074 0.24 yes 1.21e-04
SDSS J163008.85+130238.8 -400 (200) 200 (300) 400 (200) 150 230 0.018 0.99 · · · 6.06e-05
SDSS J163014.51+125214.1 -200 (100) 100 (200) 90 (90) 300 480 0.084 8.9 no 2.83e-04
SDSS J163022.96+632730.0 -500 (200) 200 (300) 400 (200) 160 220 0.011 0.42 yes 2.75e-04
SDSS J163223.55+632801.7 -400 (200) 200 (200) -0 (100) 280 420 0.011 0.46 no 3.11e-05
SDSS J163459.43+311235.6 -200 (200) 200 (200) 100 (100) 580 860 0.029 1.9 · · · 1.73e-04
SDSS J163544.75+620156.3 -190 (80) 100 (100) 170 (80) 140 200 0.063 6.2 no 8.08e-05
SDSS J163708.04+474600.0 0 (300) -0 (100) 0 (100) 120 160 3.2 2500 · · · 2.17e-03
SDSS J163721.88+312918.2 -400 (100) 100 (200) 300 (100) 84 100 0.067 7.3 · · · · · ·
SDSS J163725.76+251027.4 -400 (100) 200 (200) 400 (100) 170 250 0.032 2 yes 1.05e-04
SDSS J163806.19+363557.6 -500 (300) 500 (300) 0 (200) 1300 1900 0.0032 0.07 no 2.39e-04
SDSS J163824.78+292701.2 120 (60) -50 (60) -100 (40) 130 170 0.21 39 yes 2.65e-04
SDSS J163831.67+292236.9 -200 (100) 100 (100) 100 (80) 250 360 0.051 4.8 · · · 2.34e-04
SDSS J164129.10+210610.3 -600 (200) 300 (200) 100 (100) 390 620 0.0063 0.19 · · · · · ·
SDSS J164131.77+212727.2 -400 (200) 300 (300) 400 (200) 150 230 0.0081 0.27 yes 2.78e-04
SDSS J164205.84+382218.2 -400 (200) 200 (100) 260 (90) 280 400 0.015 0.7 · · · · · ·
SDSS J164447.29+422851.6 -600 (400) 300 (400) -0 (200) 200 290 0.0068 0.21 no 5.92e-04
SDSS J164612.53+232408.8 -200 (100) 100 (200) 200 (100) 190 300 0.043 3.5 yes 2.63e-04
SDSS J164615.60+422349.3 -330 (70) 100 (100) 200 (70) 88 110 0.034 2.5 yes 3.16e-04
SDSS J164746.27+131923.4 -70 (20) 50 (20) -20 (10) 320 550 0.28 55 no 5.96e-05
SDSS J164750.42+250144.7 -300 (100) 100 (200) 200 (100) 120 170 0.056 4.6 yes 4.00e-04
SDSS J164812.36+281123.2 300 (400) -100 (600) -0 (300) 220 330 0.037 2.7 yes 6.01e-04
SDSS J164906.34+385833.4 -300 (200) 200 (300) 300 (200) 570 860 0.016 0.69 no · · ·
SDSS J165005.16+390426.3 -500 (100) 200 (200) 400 (100) 200 290 0.014 0.58 yes 3.45e-04
SDSS J165149.80+295600.7 -300 (200) 200 (200) 300 (100) 240 370 0.021 1.2 · · · 1.24e-04
SDSS J165240.75+134015.1 50 (60) -0 (100) 0 (60) 240 430 0.72 230 no 1.28e-05
SDSS J165343.40+630549.3 410 (70) -200 (100) -420 (60) 450 720 0.014 0.67 yes 2.15e-04
SDSS J165447.76+131651.3 -10 (20) 10 (30) -40 (20) 130 220 12 18000 no 7.17e-05
SDSS J165459.28+131024.9 -20 (80) 0 (200) 60 (80) 250 440 3.2 2100 no · · ·
SDSS J165545.08+184849.3 -400 (200) 200 (100) 400 (80) 190 310 0.016 0.75 · · · 2.89e-05
SDSS J165717.36+131032.3 -20 (80) 0 (100) 40 (80) 360 670 4.6 3600 no · · ·
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SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
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SDSS J165802.33+391611.1 -200 (100) 100 (200) 100 (100) 100 140 0.12 16 no 4.96e-06
SDSS J165932.19+422708.4 -200 (200) 160 (70) -260 (70) 1200 1900 0.031 2 no 2.48e-05
SDSS J165937.16+272339.1 -120 (80) 100 (100) 90 (70) 280 460 0.11 15 yes 1.57e-04
SDSS J170106.10+342533.5 -1000 (300) 250 (80) 430 (80) 75 100 0.0088 0.35 · · · 7.63e-05
SDSS J170112.29+193819.1 -400 (200) 200 (100) 310 (90) 480 860 0.012 0.46 no 3.54e-05
SDSS J170127.37+253302.7 -100 (30) 70 (60) 80 (30) 98 150 0.13 18 no · · ·
SDSS J170357.74+401500.5 -400 (200) 200 (300) 400 (200) 500 800 0.011 0.45 no 4.61e-05
SDSS J170459.71+384433.0 -120 (50) 80 (100) 110 (50) 200 310 0.095 11 no 1.64e-04
SDSS J170509.66+210904.4 -110 (100) 50 (70) 110 (40) 82 120 0.21 39 yes 1.52e-04
SDSS J170528.73+195348.0 -400 (300) 300 (200) 300 (100) 790 1500 0.0067 0.2 yes 2.10e-03
SDSS J170546.61+274028.4 -300 (300) 200 (100) -200 (100) 240 390 0.017 0.9 · · · 4.43e-04
SDSS J170618.17+230838.6 -200 (300) 0 (300) 300 (200) 59 82 0.33 80 · · · 3.14e-04
SDSS J170624.94+232815.4 -130 (60) 40 (80) 90 (50) 67 96 0.3 66 no 2.01e-06
SDSS J170659.07+214211.7 -300 (100) 200 (100) 140 (80) 180 310 0.026 1.6 · · · 7.92e-04
SDSS J170729.69+225721.9 -200 (200) 100 (300) 200 (100) 380 680 0.06 5.5 no 3.35e-05
SDSS J170947.13+293111.8 -300 (70) 100 (100) 300 (70) 100 160 0.036 2.7 yes 1.21e-04
SDSS J171133.07+623314.9 -380 (30) 380 (50) 300 (30) 490 820 0.0076 0.22 yes 1.41e-04
SDSS J171145.43+555444.5 -800 (200) 400 (300) 100 (200) 140 210 0.0034 0.078 no 1.85e-04
SDSS J171301.84+625135.9 -200 (100) 100 (200) 200 (100) 210 340 0.048 4 yes 2.41e-04
SDSS J171411.14+294508.2 -100 (300) 0 (200) 100 (100) 510 910 0.74 230 · · · 5.12e-04
SDSS J171435.75+272539.8 -360 (80) 400 (200) 270 (70) 640 1200 0.0083 0.25 yes 1.62e-04
SDSS J171611.13+544346.4 400 (300) -200 (200) 100 (100) 260 430 0.011 0.42 yes 2.02e-04
SDSS J171707.20+594550.1 -600 (400) 400 (200) 100 (200) 390 660 0.0041 0.099 · · · 1.87e-03
SDSS J171810.16+610114.0 -110 (40) 50 (50) 60 (30) 61 82 0.2 42 yes 1.26e-04
SDSS J171955.23+625106.8 -520 (70) 210 (100) 480 (60) 110 160 0.013 0.58 no 7.45e-05
SDSS J172008.59+565211.8 -500 (200) 200 (100) 460 (80) 220 360 0.028 1.5 yes 2.30e-04
SDSS J172043.87+560109.3 -300 (100) 200 (200) 300 (100) 240 400 0.015 0.68 yes 1.90e-04
SDSS J172045.09+635031.8 -400 (200) 100 (300) 0 (200) 64 87 0.065 6.9 · · · 6.03e-05
SDSS J172211.69+281538.8 50 (100) -30 (40) -50 (30) 220 390 0.86 300 · · · · · ·
SDSS J172234.54+321238.8 -20 (30) 10 (40) -20 (20) 52 69 7.9 9400 yes 1.74e-04
SDSS J172406.14+562003.1 400 (200) -250 (90) 150 (80) 110 160 0.01 0.38 yes 3.10e-03
SDSS J172433.70+623410.0 -90 (70) 60 (40) 0 (30) 110 170 0.14 22 no 1.88e-04
SDSS J172439.06+551600.1 -400 (200) 200 (200) 400 (100) 230 380 0.011 0.41 no · · ·
SDSS J172441.80+593103.3 100 (100) -40 (50) 170 (40) 52 66 0.32 73 yes 9.57e-05
SDSS J172445.29+073324.7 -100 (100) 0 (200) 100 (100) 71 140 0.36 85 yes 4.01e-04
SDSS J172601.55+560527.1 -430 (100) 200 (200) 430 (90) 330 560 0.019 0.9 no 2.43e-04
SDSS J172623.28+273500.9 -400 (300) 200 (300) 400 (200) 310 590 0.014 0.64 · · · 1.12e-04
SDSS J172715.57+542938.2 -480 (50) 180 (80) 470 (50) 250 420 0.028 1.5 yes 2.77e-04
SDSS J172744.58+585415.4 -300 (300) 200 (300) 200 (200) 960 1700 0.017 0.8 no 1.06e-04
SDSS J172831.84+620426.5 -400 (100) 200 (200) 400 (100) 230 380 0.024 1.2 yes 3.48e-04
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SDSS J173014.31+452642.3 50 (30) -30 (30) 40 (20) 220 370 0.62 200 · · · 1.27e-04
SDSS J173101.49+623316.0 -150 (100) 100 (200) 160 (100) 69 99 0.14 21 yes 3.58e-04
SDSS J173104.53+070345.0 -110 (50) 50 (90) 110 (50) 59 120 0.22 40 yes 2.22e-04
SDSS J173313.10+642739.5 -330 (40) 250 (70) 290 (40) 630 1100 0.012 0.47 yes 2.34e-04
SDSS J173338.91+634110.7 -100 (100) 100 (300) 100 (100) 270 470 0.14 20 yes 9.68e-05
SDSS J173430.11+335407.5 -100 (100) 0 (200) 100 (100) 83 140 0.91 350 yes 1.71e-04
SDSS J173444.93+335629.6 0 (100) -10 (80) 40 (50) 620 1200 3.2 2300 · · · · · ·
SDSS J173727.27+540352.2 -500 (300) 300 (200) 0 (200) 470 850 0.0072 0.23 · · · 1.27e-04
SDSS J173734.42+561224.9 -300 (300) 200 (100) -200 (100) 610 1100 0.018 0.87 no 1.67e-06
SDSS J173849.76+635042.1 -250 (100) 100 (200) 210 (90) 260 460 0.031 2 yes 1.99e-04
SDSS J174214.72+541845.5 -0 (200) 0 (300) 0 (100) 780 1500 2.5 1400 no 8.49e-05
SDSS J174439.20+244258.5 -300 (100) 300 (200) 310 (90) 4200 9900 0.01 0.4 no · · ·
SDSS J174833.40+243139.6 -200 (100) 100 (200) 80 (100) 150 340 0.1 12 · · · 2.55e-04
SDSS J183329.19+643151.7 -100 (100) 100 (300) 100 (100) 100 190 0.16 23 yes 2.83e-04
SDSS J183337.46+404027.3 40 (30) -20 (40) -40 (20) 100 260 2.8 1800 no 2.21e-04
SDSS J183453.08+413757.7 -20 (20) 10 (30) 10 (20) 53 110 5.3 4700 yes 1.76e-04
SDSS J183816.49+403055.1 -200 (100) 100 (200) 200 (100) 93 230 0.067 6.8 yes 9.49e-05
SDSS J184436.94+410816.2 -200 (100) 100 (300) 100 (100) 110 290 0.038 2.8 no 1.73e-05
SDSS J185256.00+183812.4 -300 (100) 200 (300) 300 (100) 150 960 0.013 0.55 no 6.88e-05
SDSS J185808.92+192742.2 -200 (300) 200 (100) -300 (100) 310 2300 0.029 1.7 no · · ·
SDSS J190739.80+785254.6 -600 (200) 100 (200) 300 (100) 72 130 0.053 5.4 · · · 9.38e-06
SDSS J191911.34+370319.0 -110 (50) 70 (90) 90 (50) 48 170 0.12 16 no · · ·
SDSS J191916.88+621432.9 -100 (100) 0 (200) -0 (100) 100 250 0.3 64 yes 4.11e-04
SDSS J192306.01+620310.7 -300 (200) 200 (300) 300 (200) 220 580 0.012 0.5 no 6.07e-05
SDSS J192357.24+374835.4 0 (40) -0 (30) 30 (20) 81 370 87 330000 yes 7.20e-04
SDSS J194849.45+771640.9 -900 (400) 300 (400) 300 (300) 70 140 0.0063 0.2 · · · 2.81e-05
SDSS J200615.67+781917.4 -500 (300) 200 (400) 400 (200) 120 270 0.014 0.69 no · · ·
SDSS J201239.32+601710.3 -190 (100) 100 (200) 150 (100) 29 58 0.14 22 · · · · · ·
SDSS J201339.87−130856.6 40 (50) -20 (80) -20 (50) -55 170 2.1 1200 yes 2.31e-04
SDSS J202309.01+142422.9 -300 (100) 200 (200) 200 (100) -94 490 0.016 0.71 yes 2.16e-04
SDSS J203153.90+140602.7 20 (50) -10 (70) 70 (40) -160 680 3.9 2900 no 1.46e-04
SDSS J203233.81+151535.7 -330 (90) 200 (200) 310 (80) -170 760 0.014 0.6 no 6.28e-06
SDSS J203512.62+145640.1 -60 (50) 40 (50) -20 (30) -210 880 0.38 85 no · · ·
SDSS J203954.88+771700.6 -700 (400) 400 (400) 100 (200) 290 760 0.0044 0.11 · · · · · ·
SDSS J204001.99−003132.9 400 (300) -200 (100) 100 (90) -100 280 0.023 1.4 · · · · · ·
SDSS J204054.19−011107.3 -300 (300) 100 (500) 300 (300) -170 430 0.028 1.8 · · · 1.51e-04
SDSS J204117.50−062847.1 -210 (70) 200 (100) 170 (70) -400 900 0.03 1.8 no 3.11e-05
SDSS J204431.44−061440.2 -60 (60) 0 (100) 20 (60) -160 370 0.35 74 no 9.16e-06
SDSS J204433.16+160250.2 -800 (400) 400 (800) 200 (400) -160 610 0.0032 0.067 no 5.55e-05
SDSS J204541.91−050925.7 -100 (100) 100 (200) 150 (90) -170 400 0.1 12 yes 2.52e-04
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SDSS J204713.68+002203.8 -400 (300) 300 (200) 300 (100) -400 970 0.0075 0.23 no 2.10e-04
SDSS J204720.07−003221.8 -300 (200) 200 (400) 300 (200) -59 170 0.02 1.1 no · · ·
SDSS J204729.04−064536.7 400 (400) -300 (200) 200 (200) -110 260 0.0091 0.32 no 7.60e-06
SDSS J204746.17+000659.3 -200 (200) 100 (200) 100 (100) -48 140 0.18 32 · · · 3.11e-05
SDSS J204805.53+161540.8 -290 (90) 100 (100) 360 (80) -1300 4500 0.028 1.8 yes 3.78e-04
SDSS J204938.36−054423.7 -290 (80) 100 (100) 280 (70) -140 320 0.029 1.9 yes 1.43e-03
SDSS J205059.37−000254.3 -400 (200) 200 (300) 400 (200) -130 330 0.028 1.6 no 3.56e-04
SDSS J205316.52−010616.6 -210 (70) 200 (100) 140 (70) -58 160 0.024 1.5 no 8.05e-06
SDSS J205721.30+004226.2 -360 (90) 400 (200) 310 (90) -460 1000 0.0082 0.25 yes 1.79e-04
SDSS J205730.72−005346.3 -560 (80) 200 (100) 420 (70) -87 220 0.011 0.44 yes 1.25e-04
SDSS J205732.78+010617.3 -30 (70) 0 (100) 70 (50) -590 1300 1.4 530 no · · ·
SDSS J205857.10−075440.6 -180 (40) 70 (50) 30 (30) -23 72 0.1 13 no · · ·
SDSS J210426.92+101813.8 -400 (300) 300 (200) -100 (100) -610 1600 0.014 0.5 no 8.29e-05
SDSS J210539.65−055414.6 -300 (100) 200 (200) 200 (100) -130 270 0.021 1.1 no 3.17e-04
SDSS J210616.52−062743.3 -60 (30) 30 (30) 40 (20) -28 79 0.62 190 no · · ·
SDSS J210624.12+004030.3 -500 (400) 400 (300) 100 (200) -120 270 0.0066 0.17 no · · ·
SDSS J210702.30−064757.6 -190 (90) 200 (200) 130 (90) -220 430 0.028 1.8 no 2.81e-05
SDSS J211043.24+093756.9 -150 (70) 100 (100) 140 (70) -60 180 0.11 14 no 1.90e-04
SDSS J211105.16+004041.7 -300 (100) 200 (200) 300 (100) -120 270 0.021 1.2 yes 2.86e-04
SDSS J211132.77+011522.2 -300 (100) 200 (100) 200 (70) -340 720 0.019 0.95 no · · ·
SDSS J211205.31+101428.0 -270 (70) 100 (100) 240 (70) -35 120 0.046 3.9 yes 2.82e-04
SDSS J211428.42−010357.2 -300 (100) 100 (200) 200 (100) -140 300 0.034 2.2 yes 6.39e-04
SDSS J211749.52−080020.6 -500 (500) 300 (800) 400 (500) -200 360 0.0098 0.37 · · · 3.74e-04
SDSS J211820.21+010225.1 -110 (70) 50 (40) -30 (30) -45 110 0.28 59 no 4.32e-05
SDSS J212051.93−005827.3 -50 (30) 20 (50) 50 (30) -54 130 1.2 480 yes 4.15e-04
SDSS J212131.55−055618.1 -700 (300) 200 (300) 200 (200) -51 110 0.018 1 · · · 7.79e-05
SDSS J212306.35−081127.1 -20 (20) 10 (20) 0 (20) -15 50 14 22000 · · · 4.04e-05
SDSS J212320.74+002455.5 -100 (100) 40 (100) 40 (60) -84 180 0.4 100 · · · 1.24e-04
SDSS J212738.08+101822.7 -500 (400) 100 (400) 200 (300) -35 110 0.078 9.5 · · · 9.90e-07
SDSS J212949.07+114613.9 -400 (200) 100 (300) 400 (200) -160 380 0.045 3.3 no 4.18e-05
SDSS J213136.72+002947.6 -200 (200) 100 (300) 200 (100) -130 260 0.047 3.9 no · · ·
SDSS J213218.12+003158.8 -130 (80) 100 (100) 210 (80) -120 230 0.14 20 no 4.11e-04
SDSS J213225.97+001430.6 -220 (80) 100 (100) 120 (80) -170 310 0.095 10 yes 3.87e-04
SDSS J213400.17+122318.1 -400 (200) 270 (90) -250 (80) -710 1600 0.0097 0.35 · · · 7.13e-04
SDSS J213524.08−002813.0 -300 (100) 200 (200) 300 (100) -310 560 0.022 1.3 no 1.34e-05
SDSS J213618.93+114052.2 -300 (100) 300 (200) 300 (100) -120 280 0.0098 0.32 no 6.35e-05
SDSS J213945.21+102904.7 -110 (40) 60 (60) 130 (30) -46 120 0.18 31 no · · ·
SDSS J214447.52+004201.6 0 (100) -0 (50) 90 (40) -56 120 43 120000 · · · 1.46e-03
SDSS J214536.28−003544.2 -700 (400) 400 (400) 200 (300) -720 1200 0.0061 0.16 no 1.90e-05
SDSS J214720.96+130227.4 -400 (200) 200 (200) 200 (100) -320 680 0.011 0.43 no 9.34e-05
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SDSS J215232.22+001447.4 -200 (100) 100 (200) 300 (100) -140 250 0.052 4.5 no 7.21e-06
SDSS J220031.65−071507.6 -110 (40) 40 (40) -30 (30) -68 120 0.41 110 · · · · · ·
SDSS J220252.62+000833.3 -400 (200) 200 (400) 400 (200) -250 400 0.012 0.51 no 7.14e-05
SDSS J220313.30+113236.1 -300 (200) 200 (200) 100 (100) -230 430 0.022 1.3 · · · 2.58e-04
SDSS J220338.61−001750.8 -300 (200) 200 (200) 200 (100) -600 930 0.014 0.59 yes 4.31e-04
SDSS J220436.50−002313.7 -600 (300) 400 (400) 200 (200) -650 1000 0.0046 0.12 · · · 9.71e-05
SDSS J220604.81+004635.4 -500 (300) 200 (300) -0 (200) -110 190 0.02 1.1 · · · 1.56e-04
SDSS J220653.43−005812.6 -200 (100) 200 (300) 100 (100) -1100 1600 0.027 1.5 no · · ·
SDSS J220705.42−002109.7 -400 (100) 230 (90) 260 (60) -340 520 0.013 0.55 yes 5.20e-04
SDSS J220849.00+122144.7 -300 (200) 300 (100) 340 (90) -410 750 0.01 0.34 yes 6.81e-04
SDSS J220946.59−001011.0 -400 (100) 400 (200) 270 (90) -930 1400 0.0071 0.2 yes 2.70e-04
SDSS J221343.65+072221.4 60 (30) -30 (50) -40 (30) -110 200 0.61 180 no 3.27e-05
SDSS J221410.59−002754.5 -300 (300) 200 (500) 300 (300) -330 500 0.017 0.84 no 5.61e-05
SDSS J221452.24−075045.1 -300 (100) 200 (200) 300 (100) -100 150 0.022 1.2 no 2.42e-05
SDSS J221459.73−082020.1 -200 (100) 200 (200) 300 (100) -210 290 0.026 1.5 yes 1.42e-04
SDSS J221603.30+124601.1 -500 (200) 200 (300) 400 (200) -61 130 0.015 0.74 no 1.81e-05
SDSS J221616.59+010205.7 90 (20) -40 (30) 60 (10) -59 110 0.4 100 yes 5.62e-04
SDSS J221714.49+004601.3 -200 (100) 100 (100) 250 (90) -160 260 0.085 8.7 no 2.46e-04
SDSS J222108.46+002927.7 -20 (40) 20 (40) 50 (20) -270 400 1.8 950 no 6.39e-05
SDSS J222130.45+001801.8 500 (400) -100 (400) -200 (300) -45 85 0.066 7.3 · · · · · ·
SDSS J222312.95+124424.4 -500 (200) 200 (200) 100 (100) -270 480 0.015 0.62 no 1.31e-04
SDSS J222505.97−005505.4 -300 (200) 200 (400) 200 (200) -400 580 0.013 0.54 yes 2.85e-04
SDSS J222533.70+131655.3 -400 (200) 200 (200) 0 (100) -290 520 0.014 0.62 no · · ·
SDSS J222634.56−004144.9 -200 (100) 100 (200) 300 (100) -250 370 0.034 2.4 no · · ·
SDSS J222703.35−000946.3 -300 (300) 300 (200) 100 (100) -1800 2500 0.01 0.38 · · · 6.17e-04
SDSS J222822.74+391239.8 -70 (70) 100 (100) 50 (70) -64 290 0.21 37 yes 9.90e-05
SDSS J222838.36−002951.9 -200 (100) 100 (200) 100 (100) -110 180 0.09 10 no 3.39e-05
SDSS J222944.28+011323.4 110 (70) -100 (100) -90 (70) -250 380 0.16 23 no · · ·
SDSS J223024.37−004607.4 -500 (200) 200 (300) 400 (200) -53 93 0.021 1.2 yes 1.57e-04
SDSS J223051.15+125706.9 -200 (100) 100 (200) 200 (100) -96 180 0.1 13 yes 1.33e-04
SDSS J223223.76+135434.5 -200 (200) 200 (400) 300 (200) -190 340 0.026 1.5 yes 1.01e-04
SDSS J223236.15+000024.6 -400 (200) 200 (400) 400 (200) -280 410 0.019 0.98 no 1.65e-04
SDSS J223300.46+124719.1 100 (200) -0 (300) -0 (200) -250 430 0.26 50 no 3.60e-04
SDSS J223520.74−000558.1 -400 (200) 170 (80) -80 (70) -340 480 0.02 1.1 · · · 1.63e-04
SDSS J223530.61+142855.1 -300 (500) 200 (200) -300 (200) -690 1200 0.014 0.61 · · · 7.79e-04
SDSS J223530.61−000536.0 -200 (200) 100 (200) 100 (100) -190 270 0.09 11 · · · 2.43e-05
SDSS J223727.87−091914.3 -100 (300) 20 (100) 30 (80) -50 81 1.6 880 · · · · · ·
SDSS J223952.92+143436.3 -200 (100) 200 (100) 270 (60) -310 530 0.029 1.8 no · · ·
SDSS J224038.38−093541.4 -200 (40) 80 (70) 80 (40) -66 99 0.083 9.5 yes 1.04e-04
SDSS J224055.70+005444.9 400 (200) -300 (300) -300 (200) -1200 1600 0.0068 0.23 no · · ·
Continued on Next Page. . .
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Table A3 – Continued
SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J224139.03+002711.0 -220 (60) 100 (100) 240 (60) -90 140 0.027 1.9 yes 1.46e-04
SDSS J224254.72+215939.2 70 (90) -30 (40) 140 (30) -110 230 0.51 140 no 3.51e-05
SDSS J224351.99+010951.1 -500 (400) 200 (500) 200 (300) -330 460 0.01 0.39 · · · · · ·
SDSS J224541.29+134520.7 100 (100) -20 (40) 40 (30) -220 380 2.1 1000 · · · 4.00e-04
SDSS J224548.31+220920.5 160 (20) -80 (20) -150 (10) -59 140 0.096 12 no 1.46e-05
SDSS J224915.54−101950.2 -200 (300) 200 (300) 300 (200) -580 710 0.019 1 · · · 5.50e-05
SDSS J224932.03+000645.7 -500 (100) 200 (200) 500 (100) -100 150 0.011 0.45 yes 2.18e-04
SDSS J224948.74−010047.3 -600 (200) 400 (200) 200 (100) -750 980 0.004 0.092 yes 5.07e-04
SDSS J225117.29+310939.9 -40 (20) 30 (30) 50 (20) -66 190 0.99 340 no 7.61e-06
SDSS J225334.79−090553.9 -500 (300) 300 (200) 400 (100) -570 700 0.0089 0.31 no 1.17e-04
SDSS J225503.57−001548.6 200 (300) -100 (200) 400 (100) -83 130 0.099 12 · · · 4.22e-04
SDSS J225716.58+074534.3 -500 (300) 400 (300) 100 (200) -360 530 0.0039 0.096 no · · ·
SDSS J225847.57+071026.6 -200 (100) 100 (200) 100 (100) -76 130 0.1 12 yes 8.82e-05
SDSS J230051.74+134115.5 -500 (300) 400 (200) -0 (100) -590 920 0.0044 0.11 no 4.48e-05
SDSS J230309.29−003222.9 -300 (100) 100 (200) 260 (90) -110 160 0.04 3.1 no 2.54e-05
SDSS J230502.56+215854.2 -190 (30) 70 (50) 90 (30) -31 81 0.11 14 yes 2.20e-04
SDSS J230552.08−001448.8 -380 (50) 260 (80) 370 (50) -490 640 0.011 0.4 no · · ·
SDSS J230723.71−011435.7 -400 (300) 200 (200) 400 (100) -390 500 0.018 0.95 · · · · · ·
SDSS J230833.72+224052.7 -300 (100) 300 (300) 300 (100) -710 1300 0.011 0.41 yes 1.82e-04
SDSS J230936.17−000317.8 -700 (300) 300 (300) 100 (200) -310 400 0.0051 0.14 · · · 2.23e-04
SDSS J231014.63+001439.9 -400 (200) 200 (300) 500 (200) -130 190 0.017 0.91 yes 1.57e-04
SDSS J231105.66+220208.7 -410 (80) 200 (100) 370 (80) -170 310 0.011 0.46 yes 1.77e-04
SDSS J231151.46−001015.2 -800 (300) 400 (200) 200 (200) -360 470 0.0039 0.094 · · · 5.31e-04
SDSS J231230.79+005321.7 -150 (70) 100 (100) 160 (70) -190 260 0.066 6.2 yes 3.44e-04
SDSS J231256.41+005035.7 -600 (300) 200 (200) 100 (100) -140 190 0.018 0.92 · · · · · ·
SDSS J231814.73+003430.3 -400 (200) 100 (300) 300 (200) -440 560 0.041 2.6 yes 1.92e-04
SDSS J231825.23−093539.2 -130 (100) 80 (70) 70 (50) -160 200 0.096 12 no 1.96e-04
SDSS J231901.25−004949.4 -600 (300) 400 (200) 0 (100) -780 970 0.0045 0.11 · · · · · ·
SDSS J231924.30−093449.4 -200 (200) 100 (200) 70 (100) -160 200 0.073 7.9 no 8.73e-05
SDSS J232043.07+011049.5 -600 (400) 400 (500) 0 (300) -1300 1600 0.005 0.13 no · · ·
SDSS J232217.43−005725.4 -150 (50) 60 (60) 80 (40) -76 110 0.15 22 yes 1.56e-04
SDSS J232353.90+004727.3 -500 (200) 300 (300) 300 (200) -490 620 0.0071 0.22 no · · ·
SDSS J232436.23−004536.3 400 (300) -300 (200) -400 (100) -510 630 0.01 0.37 no 7.95e-05
SDSS J232438.31−093106.5 -110 (100) 60 (90) 90 (60) -190 230 0.2 34 no · · ·
SDSS J232527.81−005416.7 -600 (100) 200 (200) 500 (100) -160 200 0.024 1.3 no 1.39e-04
SDSS J232624.73−011327.2 -600 (400) 100 (200) 600 (100) -59 88 0.063 6.9 · · · · · ·
SDSS J232918.87+523652.6 -400 (200) 100 (300) 400 (200) -12 190 0.027 1.8 · · · 1.74e-04
SDSS J233215.10−084736.4 300 (300) -200 (100) 280 (90) -93 120 0.017 0.94 · · · 1.33e-04
SDSS J233226.88+531044.2 200 (200) -200 (100) 300 (100) 4.8 75 0.037 2.4 no · · ·
SDSS J233347.66−001501.1 -390 (90) 200 (200) 330 (80) -460 560 0.012 0.52 no 7.48e-05
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Table A3 – Continued
SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
SDSS J233612.51+482955.3 -500 (100) 300 (300) 400 (100) -55 320 0.0092 0.33 yes 2.87e-04
SDSS J233630.55−003036.1 -400 (200) 200 (200) 400 (100) -280 350 0.017 0.85 no · · ·
SDSS J233639.08+080213.7 50 (40) -30 (30) 30 (20) -370 500 0.82 270 no 1.02e-06
SDSS J233856.89+074456.4 -0 (20) 0 (40) -40 (20) -290 390 130 570000 no 8.41e-07
SDSS J233906.00−001754.7 -400 (100) 200 (200) 400 (100) -290 360 0.012 0.48 no 5.98e-05
SDSS J233919.64−000233.5 -300 (100) 200 (200) 300 (100) -240 310 0.017 0.86 no · · ·
SDSS J233922.27+074400.4 -40 (30) 20 (60) 10 (30) -370 500 1.1 430 no · · ·
SDSS J233928.36−002040.1 -390 (60) 200 (100) 290 (60) -150 190 0.011 0.46 yes 3.94e-04
SDSS J233951.75+094956.5 -90 (50) 30 (50) 110 (30) -130 190 0.58 160 no 3.06e-05
SDSS J234041.47−110636.9 80 (nan) -20 (nan) -30 (nan) -28 47 1.2 590 yes 6.57e-05
SDSS J234106.83+083550.3 -90 (40) 50 (70) 100 (40) -140 200 0.3 62 no 8.29e-05
SDSS J234131.09+003749.5 -300 (100) 200 (200) 400 (100) -630 770 0.016 0.74 no 2.26e-05
SDSS J234149.48+145006.5 -700 (300) 300 (200) 100 (100) -550 800 0.006 0.18 no · · ·
SDSS J234154.64+083853.0 -250 (60) 200 (100) 200 (60) -370 500 0.024 1.4 yes 2.94e-04
SDSS J234158.24−094716.7 -90 (20) 50 (40) 100 (20) -270 320 0.22 37 no · · ·
SDSS J234225.67+155930.4 -100 (100) 0 (200) 100 (100) -67 120 0.39 89 yes 2.37e-04
SDSS J234257.10+144955.4 -500 (400) 500 (300) -0 (200) -540 790 0.0041 0.092 no 1.62e-04
SDSS J234312.96+154106.4 -220 (70) 100 (100) 230 (70) -39 77 0.065 6.6 yes 2.35e-04
SDSS J234345.18+462339.8 -70 (30) 50 (60) 50 (30) -28 170 0.2 36 no · · ·
SDSS J234404.17+142904.5 -500 (300) 300 (300) 300 (200) -310 450 0.0072 0.25 no 2.41e-04
SDSS J234456.88+010757.8 130 (70) -130 (40) -220 (30) 15 0 0.063 5.3 no · · ·
SDSS J234459.62+002750.0 -510 (70) 210 (100) 480 (60) -95 130 0.013 0.58 yes 6.07e-05
SDSS J234534.50−001453.7 -400 (300) 200 (200) 300 (100) -210 260 0.017 0.92 · · · 1.43e-04
SDSS J234621.22−003259.3 -900 (300) 400 (200) 200 (100) -290 360 0.0044 0.12 · · · 2.36e-03
SDSS J234623.16−001454.7 -600 (200) 200 (100) 410 (90) -270 340 0.011 0.45 · · · · · ·
SDSS J234638.76+434041.8 -300 (200) 200 (400) 200 (200) -83 320 0.018 0.89 yes 1.74e-04
SDSS J234649.95−002031.9 -200 (100) 100 (200) 190 (80) -340 410 0.035 2.4 yes 1.98e-04
SDSS J234749.52−103040.2 -400 (200) 300 (300) 400 (200) -250 290 0.011 0.41 no · · ·
SDSS J234749.84+431424.7 -200 (300) 100 (100) 100 (100) -410 1400 0.084 8.5 · · · 1.68e-04
SDSS J234810.00−083955.2 -400 (200) 300 (300) 400 (200) -550 610 0.01 0.36 no · · ·
SDSS J234844.93+002942.5 -400 (200) 200 (300) 300 (200) -400 480 0.019 0.98 no 4.90e-05
SDSS J234929.47+435307.4 -400 (100) 100 (200) 400 (100) -75 300 0.034 2.2 no · · ·
SDSS J235027.60+004358.7 -190 (70) 100 (100) 190 (70) -250 310 0.041 3.1 no 5.36e-05
SDSS J235224.78−000204.9 -390 (80) 300 (200) 380 (80) -400 480 0.01 0.37 no · · ·
SDSS J235324.75+351623.3 300 (100) -100 (200) -100 (100) -52 150 0.043 3.5 yes 1.79e-04
SDSS J235354.14−000307.3 -400 (200) 300 (400) 400 (200) -670 790 0.0093 0.32 no · · ·
SDSS J235753.13+284542.8 -0 (100) 0 (200) 0 (100) -75 170 48 140000 · · · 7.42e-05
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Table A3 – Continued
SDSS ID dM RV1 WD RV2 System RV3 Z d s4 Period Active LHα/Lbol
( km s−1) ( km s−1) ( km s−1) (pc)5 (pc)6 (au)7 (days)
1The absolute dM radial velocity corrected for the system velocity. The corresponding dM RV uncertainties are reported in the parenthesis.
2The absolute WD radial velocity corrected for the system velocity. The corresponding WD RV uncertainties are reported in the
parenthesis.
3The system velocity as defined in Section 2.3.3. The system RV uncertainties calculated from the dM and RV uncertainties using standard
error propagation techniques are reported in the parenthesis.
4Projected linear separation as defined in Section 2.3.3. ecall that the separations presented in this paper are lower limits.
5The absolute height above the Galactic plane calculated using the Equation 2.9
6Distances were calculated using a spectroscopic parallax relation derived from data found in Bochanski (2008).
7The separations were calculated using the dM and WD RVs after being corrected by the system velocities. I assumed that the measured
absolute RVs of each component is the orbital velocity as well as assuming edge-on circular Keplarian orbits.
297
References
Aarnio, A. N., Stassun, K. G., Hughes, W. J., & McGregor, S. L. 2011, Sol. Phys., 268, 195
Abazajian, K. N., Adelman-McCarthy, J. K., Agüeros, M. A., et al. 2009, ApJS, 182, 543
Alam, S., Albareti, F. D., Allende Prieto, C., et al. 2015, ApJS, 219, 12
Andersen, J. M., & Korhonen, H. 2015, MNRAS, 448, 3053
Armitage, P. J., & Clarke, C. J. 1996, MNRAS, 280, 458
Artymowicz, P., & Lubow, S. H. 1994, ApJ, 421, 651
Audard, M., Güdel, M., Drake, J. J., & Kashyap, V. L. 2000, ApJ, 541, 396
Ballard, S., & Johnson, J. A. 2016, ApJ, 816, 66
Baraffe, I., & Chabrier, G. 1996, ApJ, 461, L51
Barnes, S., & Sofia, S. 1996, ApJ, 462, 746
Barnes, S. A. 2003, ApJ, 586, 464
—. 2007, ApJ, 669, 1167
Barnes, S. A., & Kim, Y.-C. 2010, ApJ, 721, 675
Barnes, S. A., Weingrill, J., Fritzewski, D., Strassmeier, K. G., & Platais, I. 2016, ApJ, 823, 16
Barry, D. C. 1988, ApJ, 334, 436
Becker, A. C., Bochanski, J. J., Hawley, S. L., et al. 2011, ApJ, 731, 17
Becker, A. C., Wittman, D. M., Boeshaar, P. C., et al. 2004, ApJ, 611, 418
Bell, K. J., Hilton, E. J., Davenport, J. R. A., et al. 2012, PASP, 124, 14
Berger, E., Leibler, C. N., Chornock, R., et al. 2013, ApJ, 779, 18
Bergeron, P., Wesemael, F., & Fontaine, G. 1992, ApJ, 387, 288
Berta, Z. K., Irwin, J., Charbonneau, D., Burke, C. J., & Falco, E. E. 2012, AJ, 144, 145
Berta-Thompson, Z. K., Irwin, J., Charbonneau, D., et al. 2015, Nature, 527, 204
Binney, J., Gerhard, O., & Spergel, D. 1997, MNRAS, 288, 365
Bochanski, J. J., Hawley, S. L., Covey, K. R., et al. 2010, AJ, 139, 2679
Bochanski, J. J., Hawley, S. L., & West, A. A. 2011, AJ, 141, 98
Bochanski, J. J., West, A. A., Hawley, S. L., & Covey, K. R. 2007, AJ, 133, 531
Bochanski, Jr., J. J. 2008, PhD thesis, University of Washington
298
Bouvier, J., Forestini, M., & Allain, S. 1997, A&A, 326, 1023
Browning, M. K. 2008, ApJ, 676, 1262
Browning, M. K., Basri, G., Marcy, G. W., West, A. A., & Zhang, J. 2010, AJ, 139, 504
Burgasser, A. J., Liebert, J., Kirkpatrick, J. D., & Gizis, J. E. 2002, AJ, 123, 2744
Casali, M., Adamson, A., Alves de Oliveira, C., et al. 2007, A&A, 467, 777
Catalán, S., Isern, J., García-Berro, E., & Ribas, I. 2008a, MNRAS, 387, 1693
Catalán, S., Isern, J., García-Berro, E., et al. 2008b, A&A, 477, 213
—. 2008c, A&A, 477, 213
Chabrier, G. 2003, PASP, 115, 763
Chabrier, G., & Baraffe, I. 1997, A&A, 327, 1039
—. 2000, ARA&A, 38, 337
Chabrier, G., & Küker, M. 2006, A&A, 446, 1027
Clark, B. M., Blake, C. H., & Knapp, G. R. 2012, ApJ, 744, 119
Cohen, M. 1995, ApJ, 444, 874
Collier Cameron, A., Davidson, V. A., Hebb, L., et al. 2009, MNRAS, 400, 451
Covey, K. R., Hawley, S. L., Bochanski, J. J., et al. 2008, AJ, 136, 1778
Cunha, M. S., Aerts, C., Christensen-Dalsgaard, J., et al. 2007, A&A Rev., 14, 217
Dantona, F., & Mazzitelli, I. 1985, ApJ, 296, 502
Davenport, J. R. A., Hebb, L., & Hawley, S. L. 2014a, ArXiv e-prints
Davenport, J. R. A., West, A. A., Matthiesen, C. K., Schmieding, M., & Kobelski, A. 2006, PASP, 118,
1679
Davenport, J. R. A., Hawley, S. L., Hebb, L., et al. 2014b, ApJ, 797, 122
Davis, P. J., Kolb, U., & Willems, B. 2010, MNRAS, 403, 179
Delfosse, X., Forveille, T., Perrier, C., & Mayor, M. 1998, A&A, 331, 581
Dhital, S., West, A. A., Stassun, K. G., & Bochanski, J. J. 2010, AJ, 139, 2566
Doi, M., Tanaka, M., Fukugita, M., et al. 2010, AJ, 139, 1628
Dominguez, I., Chieffi, A., Limongi, M., & Straniero, O. 1999, ApJ, 524, 226
Donati, J.-F., Morin, J., Petit, P., et al. 2008, MNRAS, 390, 545
Dorman, B., Nelson, L. A., & Chau, W. Y. 1989, ApJ, 342, 1003
Douglas, S. T., Agüeros, M. A., Covey, K. R., et al. 2016, ApJ, 822, 47
Doyle, L. R., Carter, J. A., Fabrycky, D. C., et al. 2011, Science, 333, 1602
Drake, A. J., Djorgovski, S. G., Mahabal, A., et al. 2009, ApJ, 696, 870
299
Dressing, C. D., & Charbonneau, D. 2013, ApJ, 767, 95
—. 2015, ApJ, 807, 45
Dupuy, T. J., & Liu, M. C. 2011, ApJ, 733, 122
Eason, E. L. E., Giampapa, M. S., Radick, R. R., Worden, S. P., & Hege, E. K. 1992, AJ, 104, 1161
Ferrario, L., Wickramasinghe, D., Liebert, J., & Williams, K. A. 2005, MNRAS, 361, 1131
Fischer, D. A., & Marcy, G. W. 1992, ApJ, 396, 178
Fontaine, G., Brassard, P., & Bergeron, P. 2001, PASP, 113, 409
Frieman, J. A., Bassett, B., Becker, A., et al. 2008, AJ, 135, 338
Fukugita, M., Ichikawa, T., Gunn, J. E., et al. 1996, AJ, 111, 1748
Garcés, A., Catalán, S., & Ribas, I. 2011, A&A, 531, A7
Giampapa, M. S., & Liebert, J. 1986, ApJ, 305, 784
Gizis, J. E., Monet, D. G., Reid, I. N., et al. 2000, AJ, 120, 1085
Gizis, J. E., Reid, I. N., & Hawley, S. L. 2002, AJ, 123, 3356
Gliese, W. 1969, Veroeffentlichungen des Astronomischen Rechen-Instituts Heidelberg, 22
Gliese, W., & Jahreiß, H. 1979, A&AS, 38
Grießmeier, J.-M., Stadelmann, A., Grenfell, J. L., Lammer, H., & Motschmann, U. 2009, Icarus, 199,
526
Grießmeier, J.-M., Stadelmann, A., Lammer, H., Belisheva, N., & Motschmann, U. 2005, in ESA Special
Publication, Vol. 588, 39TH ESLAB Symposium on Trends in Space Science and Cosmic Vision 2020,
ed. F. Favata, J. Sanz-Forcada, A. Giménez, & B. Battrick, 305
Grießmeier, J.-M., Stadelmann, A., Penz, T., et al. 2004, A&A, 425, 753
Gu, M.-F., & Ai, Y. L. 2011, A&A, 528, A95
Güdel, M., Audard, M., Kashyap, V. L., Drake, J. J., & Guinan, E. F. 2003, ApJ, 582, 423
Gunn, A. G., Migenes, V., Doyle, J. G., Spencer, R. E., & Mathioudakis, M. 1997, MNRAS, 287, 199
Gunn, J. E., Carr, M., Rockosi, C., et al. 1998, AJ, 116, 3040
Gunn, J. E., Siegmund, W. A., Mannery, E. J., et al. 2006, AJ, 131, 2332
Hambly, N. C., Collins, R. S., Cross, N. J. G., et al. 2008, MNRAS, 384, 637
Hannah, I. G., Hudson, H. S., Battaglia, M., et al. 2011, Space Sci. Rev., 159, 263
Hansen, B. M. S. 1999, ApJ, 520, 680
Hartigan, P., Edwards, S., & Ghandour, L. 1995, ApJ, 452, 736
Hauschildt, P. H., Allard, F., & Baron, E. 1999, ApJ, 512, 377
Hawley, S., Reid, I. N., & Gizis, J. 2000, in Astronomical Society of the Pacific Conference Series, Vol.
212, From Giant Planets to Cool Stars, ed. C. A. Griffith & M. S. Marley, 252
Hawley, S. L., Davenport, J. R. A., Kowalski, A. F., et al. 2014, ApJ, 797, 121
300
Hawley, S. L., Gizis, J. E., & Reid, I. N. 1996, AJ, 112, 2799
Hawley, S. L., & Pettersen, B. R. 1991, ApJ, 378, 725
Hawley, S. L., Reid, I. N., Gizis, J. E., & Byrne, P. B. 1999, in Astronomical Society of the Pacific
Conference Series, Vol. 158, Solar and Stellar Activity: Similarities and Differences, ed. C. J. Butler &
J. G. Doyle, 63
Hawley, S. L., Walkowicz, L. M., Allred, J. C., & Valenti, J. A. 2007, PASP, 119, 67
Henry, T. J., Jao, W.-C., Subasavage, J. P., et al. 2006, AJ, 132, 2360
Henry, T. J., Kirkpatrick, J. D., & Simons, D. A. 1994, AJ, 108, 1437
Henry, T. J., & McCarthy, Jr., D. W. 1993, AJ, 106, 773
Hewett, P. C., Warren, S. J., Leggett, S. K., & Hodgkin, S. T. 2006, MNRAS, 367, 454
Hilton, E. J. 2011, PhD thesis, University of Washington
Hilton, E. J., West, A. A., Hawley, S. L., & Kowalski, A. F. 2010, AJ, 140, 1402
Hjellming, M. S., & Taam, R. E. 1991, ApJ, 370, 709
Holberg, J. B., & Bergeron, P. 2006, AJ, 132, 1221
Hudson, H. S. 1991, Sol. Phys., 133, 357
Hut, P. 1981, A&A, 99, 126
Iben, Jr., I., & Livio, M. 1993, PASP, 105, 1373
Irwin, J., Berta, Z. K., Burke, C. J., et al. 2011a, ApJ, 727, 56
Irwin, J., Charbonneau, D., Berta, Z. K., et al. 2009, ApJ, 701, 1436
Irwin, J. M., Quinn, S. N., Berta, Z. K., et al. 2011b, ApJ, 742, 123
Ivanova, N., Justham, S., Chen, X., et al. 2013, A&A Rev., 21, 59
Ivezić, Ž., Lupton, R. H., Schlegel, D., et al. 2004, Astronomische Nachrichten, 325, 583
Ivezić, Ž., Smith, J. A., Miknaitis, G., et al. 2007, AJ, 134, 973
Janson, M., Bergfors, C., Brandner, W., et al. 2014, ApJ, 789, 102
Janson, M., Hormuth, F., Bergfors, C., et al. 2012, ApJ, 754, 44
Jeffries, R. D., Jackson, R. J., Briggs, K. R., Evans, P. A., & Pye, J. P. 2011, MNRAS, 411, 2099
Johns-Krull, C. M., & Valenti, J. A. 1996, ApJ, 459, L95
Jones, D. O., & West, A. A. 2016, ApJ, 817, 1
Jones, D. O., West, A. A., & Foster, J. B. 2011, AJ, 142, 44
Jones, H. R. A., Longmore, A. J., Allard, F., et al. 1995, MNRAS, 277, 767
Kaiser, N. 2004, in Society of Photo-Optical Instrumentation Engineers (SPIE) Conference Series, Vol.
5489, Ground-based Telescopes, ed. J. M. Oschmann, Jr., 11–22
Kalirai, J. S., Hansen, B. M. S., Kelson, D. D., et al. 2008, ApJ, 676, 594
301
Kay, C., Opher, M., & Kornbleuth, M. 2016, ApJ, 826, 195
Kepler, S. O., Kleinman, S. J., Nitta, A., et al. 2007, MNRAS, 375, 1315
Khodachenko, M. L., Ribas, I., Lammer, H., et al. 2007, Astrobiology, 7, 167
Kiraga, M., & Stepien, K. 2007, , 57, 149
Kirkpatrick, J. D., Henry, T. J., & McCarthy, Jr., D. W. 1991, ApJS, 77, 417
Kirkpatrick, J. D., Henry, T. J., & Simons, D. A. 1995, AJ, 109, 797
Koenigl, A. 1991, ApJ, 370, L39
Koester, D. 2008, ArXiv e-prints
Koester, D., Napiwotzki, R., Christlieb, N., et al. 2001, A&A, 378, 556
Korycansky, D. G., & Papaloizou, J. C. B. 1995, MNRAS, 274, 85
Kostov, V. B., McCullough, P. R., Hinse, T. C., et al. 2013, ApJ, 770, 52
Kostrzewa-Rutkowska, Z., Kozłowski, S., Wyrzykowski, Ł., et al. 2013, ApJ, 778, 168
Kowalski, A. F., Cauzzi, G., & Fletcher, L. 2015, ApJ, 798, 107
Kowalski, A. F., Hawley, S. L., Hilton, E. J., et al. 2009, AJ, 138, 633
Kowalski, A. F., Hawley, S. L., Holtzman, J. A., Wisniewski, J. P., & Hilton, E. J. 2010, ApJ, 714, L98
Kruse, E. A., Berger, E., Knapp, G. R., et al. 2010, ApJ, 722, 1352
Kulkarni, S. R., & Rau, A. 2006, ApJ, 644, L63
Lacy, C. H., Moffett, T. J., & Evans, D. S. 1976, ApJS, 30, 85
Lammer, H., Lichtenegger, H. I. M., Kulikov, Y. N., et al. 2007, Astrobiology, 7, 185
Laughlin, G., Bodenheimer, P., & Adams, F. C. 1997, ApJ, 482, 420
Law, N. M., Kraus, A. L., Street, R., et al. 2012, ApJ, 757, 133
Lawrence, A., Warren, S. J., Almaini, O., et al. 2007, MNRAS, 379, 1599
Lépine, S., Hilton, E. J., Mann, A. W., et al. 2013, AJ, 145, 102
Liebert, J. 1980, ARA&A, 18, 363
Liebert, J., Bergeron, P., & Holberg, J. B. 2005, ApJS, 156, 47
Lin, D. N. C., & Papaloizou, J. C. B. 1993, in Protostars and Planets III, ed. E. H. Levy & J. I. Lunine,
749–835
Linsky, J. L., Bornmann, P. L., Carpenter, K. G., et al. 1982, ApJ, 260, 670
Lomb, N. R. 1976, Ap&SS, 39, 447
LSST Science Collaboration, Abell, P. A., Allison, J., et al. 2009, ArXiv e-prints
Lurie, J. C., Davenport, J. R. A., Hawley, S. L., et al. 2015, ApJ, 800, 95
Mamajek, E. E., & Hillenbrand, L. A. 2008, ApJ, 687, 1264
302
Mann, A. W., Brewer, J. M., Gaidos, E., Lépine, S., & Hilton, E. J. 2013, AJ, 145, 52
Mann, A. W., Deacon, N. R., Gaidos, E., et al. 2014, AJ, 147, 160
Martin, D. C., Fanson, J., Schiminovich, D., et al. 2005, ApJ, 619, L1
Matsunaga, N., Kawadu, T., Nishiyama, S., et al. 2009, MNRAS, 399, 1709
Matt, S. P., Pinzón, G., Greene, T. P., & Pudritz, R. E. 2012, ApJ, 745, 101
Meibom, S., & Mathieu, R. D. 2005, ApJ, 620, 970
Meibom, S., Mathieu, R. D., & Stassun, K. G. 2007, ApJ, 665, L155
Miszalski, B., Acker, A., Moffat, A. F. J., Parker, Q. A., & Udalski, A. 2009, A&A, 496, 813
Moffett, T. J. 1974, ApJS, 29, 1
Mohanty, S., & Basri, G. 2003, ApJ, 583, 451
Morales, J. C., Gallardo, J., Ribas, I., et al. 2010, ApJ, 718, 502
Morgan, D. P., West, A. A., & Becker, A. C. 2016, AJ, 151, 114
Morgan, D. P., West, A. A., Garcés, A., et al. 2012, AJ, 144, 93
Morin, J., Donati, J.-F., Petit, P., et al. 2010, MNRAS, 407, 2269
—. 2008, MNRAS, 390, 567
Muirhead, P. S., Hamren, K., Schlawin, E., et al. 2012a, ApJ, 750, L37
Muirhead, P. S., Johnson, J. A., Apps, K., et al. 2012b, ApJ, 747, 144
Muirhead, P. S., Vanderburg, A., Shporer, A., et al. 2013, ApJ, 767, 111
Napiwotzki, R., Yungelson, L., Nelemans, G., et al. 2004, in Astronomical Society of the Pacific Conference
Series, Vol. 318, Spectroscopically and Spatially Resolving the Components of the Close Binary Stars,
ed. R. W. Hilditch, H. Hensberge, & K. Pavlovski, 402–410
Nebot Gómez-Morán, A., Gänsicke, B. T., Schreiber, M. R., et al. 2011, A&A, 536, A43
Newton, E. R., Charbonneau, D., Irwin, J., & Mann, A. W. 2015, ApJ, 800, 85
Ng, Y. K., Bertelli, G., Chiosi, C., & Bressan, A. 1997, A&A, 324, 65
Noyes, R. W., Hartmann, L. W., Baliunas, S. L., Duncan, D. K., & Vaughan, A. H. 1984a, ApJ, 279, 763
Noyes, R. W., Weiss, N. O., & Vaughan, A. H. 1984b, ApJ, 287, 769
Nutzman, P., & Charbonneau, D. 2008, PASP, 120, 317
Orosz, J. A., Welsh, W. F., Carter, J. A., et al. 2012a, Science, 337, 1511
—. 2012b, ApJ, 758, 87
Ossendrijver, M. 2003, A&A Rev., 11, 287
Osten, R. A., & Bastian, T. S. 2008, ApJ, 674, 1078
Osten, R. A., Godet, O., Drake, S., et al. 2010, ApJ, 721, 785
Palanque-Delabrouille, N., Yeche, C., Myers, A. D., et al. 2011, A&A, 530, A122
303
Pallavicini, R., Golub, L., Rosner, R., et al. 1981, ApJ, 248, 279
Papaloizou, J. C. B., & Terquem, C. 1995, MNRAS, 274, 987
—. 1997, MNRAS, 287, 771
Parker, E. N. 1955, ApJ, 122, 293
—. 1988, ApJ, 330, 474
—. 1993, ApJ, 414, 389
Parsons, S. G., Marsh, T. R., Gänsicke, B. T., et al. 2012, MNRAS, 420, 3281
Passy, J.-C., De Marco, O., Fryer, C. L., et al. 2012, ApJ, 744, 52
Pier, J. R., Munn, J. A., Hindsley, R. B., et al. 2003, AJ, 125, 1559
Pizzolato, N., Maggio, A., Micela, G., Sciortino, S., & Ventura, P. 2003, A&A, 397, 147
Poppenhaeger, K. 2011, in Astronomical Society of the Pacific Conference Series, Vol. 448, 16th Cam-
bridge Workshop on Cool Stars, Stellar Systems, and the Sun, ed. C. Johns-Krull, M. K. Browning, &
A. A. West, 1225
Poppenhaeger, K., & Schmitt, J. H. M. M. 2011, ApJ, 735, 59
Poppenhaeger, K., & Wolk, S. J. 2014, A&A, 565, L1
Press, W. H., Teukolsky, S. A., Vetterling, W. T., & Flannery, B. P. 1992, Numerical recipes in FOR-
TRAN. The art of scientific computing
Pyrzas, S., Gänsicke, B. T., Marsh, T. R., et al. 2009, MNRAS, 394, 978
Pyrzas, S., Gänsicke, B. T., Brady, S., et al. 2012, MNRAS, 419, 817
Ramsay, G., Doyle, J. G., Hakala, P., et al. 2013, MNRAS, 434, 2451
Rau, A., Ofek, E. O., Kulkarni, S. R., et al. 2008, ApJ, 682, 1205
Raymond, S. N., Szkody, P., Hawley, S. L., et al. 2003, AJ, 125, 2621
Rebassa-Mansergas, A., Agurto-Gangas, C., Schreiber, M. R., Gänsicke, B. T., & Koester, D. 2013a,
MNRAS, 433, 3398
Rebassa-Mansergas, A., Gänsicke, B. T., Schreiber, M. R., Koester, D., & Rodríguez-Gil, P. 2010, MN-
RAS, 402, 620
Rebassa-Mansergas, A., Nebot Gómez-Morán, A., Schreiber, M. R., et al. 2012a, MNRAS, 419, 806
Rebassa-Mansergas, A., Nebot Gómez-Morán, A., Schreiber, M. R., Girven, J., & Gänsicke, B. T. 2011,
MNRAS, 413, 1121
Rebassa-Mansergas, A., Parsons, S. G., Copperwheat, C. M., et al. 2014, ApJ, 790, 28
Rebassa-Mansergas, A., Schreiber, M. R., & Gänsicke, B. T. 2013b, MNRAS, 429, 3570
Rebassa-Mansergas, A., Zorotovic, M., Schreiber, M. R., et al. 2012b, MNRAS, 423, 320
Reid, I. N., Gizis, J. E., & Hawley, S. L. 2002, AJ, 124, 2721
Reid, I. N., & Hawley, S. L. 2005, New light on dark stars : red dwarfs, low-mass stars, brown dwarfs
(Springer-Praxis books in astrophysics and astronomy)
304
Reid, I. N., Hawley, S. L., & Gizis, J. E. 1995, AJ, 110, 1838
Reid, I. N., Cruz, K. L., Allen, P., et al. 2004, AJ, 128, 463
Reiners, A. 2009, A&A, 498, 853
Reiners, A., & Basri, G. 2007, ApJ, 656, 1121
—. 2008, ApJ, 684, 1390
—. 2010, ApJ, 710, 924
Reiners, A., Joshi, N., & Goldman, B. 2012, AJ, 143, 93
Renedo, I., Althaus, L. G., Miller Bertolami, M. M., et al. 2010, ApJ, 717, 183
Riaz, B., Gizis, J. E., & Harvin, J. 2006, AJ, 132, 866
Ricker, G. R., Winn, J. N., Vanderspek, R., et al. 2014, in Society of Photo-Optical Instrumentation
Engineers (SPIE) Conference Series, Vol. 9143, Society of Photo-Optical Instrumentation Engineers
(SPIE) Conference Series, 20
Robinson, R. D., Wheatley, J. M., Welsh, B. Y., et al. 2005, ApJ, 633, 447
Rodríguez, L. F. 2011, in IAU Symposium, Vol. 275, Jets at All Scales, ed. G. E. Romero, R. A. Sunyaev,
& T. Belloni, 367–373
Rojas-Ayala, B., Covey, K. R., Muirhead, P. S., & Lloyd, J. P. 2010, ApJ, 720, L113
—. 2012, ApJ, 748, 93
Rykoff, E. S., Aharonian, F., Akerlof, C. W., et al. 2005, ApJ, 631, 1032
Sako, M., Bassett, B., Becker, A., et al. 2008, AJ, 135, 348
Salaris, M., García-Berro, E., Hernanz, M., Isern, J., & Saumon, D. 2000, ApJ, 544, 1036
Scalo, J., Kaltenegger, L., Segura, A. G., et al. 2007, Astrobiology, 7, 85
Scargle, J. D. 1982, ApJ, 263, 835
Scargle, J. D., Norris, J. P., Jackson, B., & Chiang, J. 2013, ApJ, 764, 167
Schaller, G., Schaerer, D., Meynet, G., & Maeder, A. 1992, A&AS, 96, 269
Schmidt, S. J., Kowalski, A. F., Hawley, S. L., et al. 2012, ApJ, 745, 14
Schreiber, M. R., & Gänsicke, B. T. 2003, A&A, 406, 305
Schrijver, C. J., Beer, J., Baltensperger, U., et al. 2012, Journal of Geophysical Research (Space Physics),
117, A08103
Segura, A., Walkowicz, L. M., Meadows, V., Kasting, J., & Hawley, S. 2010, Astrobiology, 10, 751
Sesar, B., Ivezić, Ž., Grammer, S. H., et al. 2010, ApJ, 708, 717
Shkolnik, E. L., Liu, M. C., Reid, I. N., Dupuy, T., & Weinberger, A. J. 2011, ApJ, 727, 6
Shu, F. H., Najita, J., Ruden, S. P., & Lizano, S. 1994, ApJ, 429, 797
Siess, L., Dufour, E., & Forestini, M. 2000, A&A, 358, 593
Silvestri, N. M., Hawley, S. L., West, A. A., et al. 2006, AJ, 131, 1674
305
Simon, T., Linsky, J. L., & Schiffer, III, F. H. 1980, ApJ, 239, 911
Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, AJ, 131, 1163
Skumanich, A. 1972, ApJ, 171, 565
Smee, S. A., Gunn, J. E., Uomoto, A., et al. 2013, AJ, 146, 32
Smith, J. C., Stumpe, M. C., Van Cleve, J. E., et al. 2012, PASP, 124, 1000
Smolčić, V., Ivezić, Ž., Knapp, G. R., et al. 2004, ApJ, 615, L141
Soderblom, D. R. 2010, ARA&A, 48, 581
Soderblom, D. R., Duncan, D. K., & Johnson, D. R. H. 1991, ApJ, 375, 722
Stepanov, A. V., Kliem, B., Zaitsev, V. V., et al. 2001, A&A, 374, 1072
Stokes, G. H., Viggh, H. E. M., Shelly, F. L., Blythe, M. S., & Stuart, J. S. 1998, in Bulletin of the
American Astronomical Society, Vol. 30, AAS/Division for Planetary Sciences Meeting Abstracts #30,
1042
Stoughton, C. 2002, AJ, 123, 3487
Stoughton, C., Lupton, R. H., Bernardi, M., et al. 2002, AJ, 123, 485
Süveges, M., Sesar, B., Váradi, M., et al. 2012, MNRAS, 424, 2528
Tappert, C., Gänsicke, B. T., Rebassa-Mansergas, A., Schmidtobreick, L., & Schreiber, M. R. 2011, A&A,
531, A113
Tappert, C., Gänsicke, B. T., Zorotovic, M., et al. 2009, A&A, 504, 491
Theissen, C. A., & West, A. A. 2014, ApJ, 794, 146
Theissen, C. A., West, A. A., & Dhital, S. 2016, AJ, 151, 41
Tinker, J., Pinsonneault, M., & Terndrup, D. 2002, ApJ, 564, 877
Tremblay, P.-E., & Bergeron, P. 2009, ApJ, 696, 1755
van den Oord, G. H. J. 1988, A&A, 205, 167
VanderPlas, J., Connolly, A. J., Ivezic, Z., & Gray, A. 2012, in Proceedings of Conference on Intelligent
Data Understanding (CIDU), pp. 47-54, 2012., 47–54
Vilhu, O. 1984, A&A, 133, 117
Walkowicz, L. M., Hawley, S. L., & West, A. A. 2004, PASP, 116, 1105
Walkowicz, L. M., Basri, G., Batalha, N., et al. 2011, AJ, 141, 50
Ward-Duong, K., Patience, J., De Rosa, R. J., et al. 2015, MNRAS, 449, 2618
Warren, S. J., Hambly, N. C., Dye, S., et al. 2007, MNRAS, 375, 213
Watkins, L. L., Evans, N. W., Belokurov, V., et al. 2009, MNRAS, 398, 1757
Webbink, R. F. 1988, The Formation and Evolution of Symbiotic Stars, ed. J. Mikolajewska, M. Friedjung,
S. J. Kenyon, & R. Viotti, 311
Webbink, R. F. 2008, in Astrophysics and Space Science Library, Vol. 352, Astrophysics and Space Science





A&A Astronomy and Astrophysics 
A&A Rev. Astronomy and Astrophysics Review 
A&AS Astronomy and Astrophysics Supplement 
AJ Astronomical Journal 
ApJ Astrophysical Journal 
ApJS Astrophysical Journal Supplement Series 
Ap&SS Astrophysics & Space Science 
ARA&A Annual Review of Astronomy and Astrophysics 
MNRAS Monthly Notices of the Royal Astronomical Society 
PASP Publications of the Astronomical Society of the Pacific 
Sol. Phys. Solar Physics 
Space Sci. Rev. Space Science Reviews	
Weidemann, V. 1977, A&A, 59, 411
Welsh, B. Y., Wheatley, J. M., Seibert, M., et al. 2007, ApJS, 173, 673
Welsh, W. F., Orosz, J. A., Carter, J. A., et al. 2012, Nature, 481, 475
West, A. A., & Basri, G. 2009, ApJ, 693, 1283
West, A. A., Bochanski, J. J., Hawley, S. L., et al. 2006, AJ, 132, 2507
West, A. A., Hawley, S. L., Bochanski, J. J., et al. 2008, AJ, 135, 785
West, A. A., Walkowicz, L. M., & Hawley, S. L. 2005, PASP, 117, 706
West, A. A., Weisenburger, K. L., Irwin, J., et al. 2015, ApJ, 812, 3
West, A. A., Hawley, S. L., Walkowicz, L. M., et al. 2004, AJ, 128, 426
West, A. A., Morgan, D. P., Bochanski, J. J., et al. 2011, AJ, 141, 97
Wielen, R. 1977, A&A, 60, 263
Wilson, O., & Woolley, R. 1970, MNRAS, 148, 463
Winters, J. G., Henry, T. J., Lurie, J. C., et al. 2015, AJ, 149, 5
Woolf, V. M., Lépine, S., & Wallerstein, G. 2009, PASP, 121, 117
Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 2010, AJ, 140, 1868
Wright, N. J., Drake, J. J., Mamajek, E. E., & Henry, G. W. 2011, ApJ, 743, 48
York, D. G., Adelman, J., Anderson, Jr., J. E., et al. 2000, AJ, 120, 1579
Zahn, J.-P. 1977, A&A, 57, 383
Zhilyaev, B. E., Romanyuk, Y. O., Svyatogorov, O. A., et al. 2007, A&A, 465, 235




Boston University Phone: (360)-901-0431
Department of Astronomy E-mail: dpmorg@bu.edu




Boston University, Boston, MA Jan. 2017
Advisor: Andrew A. West
Thesis Title: The Effects of Close Binaries on the Magnetic Activity of M dwarfs as Probed using Close
White Dwarf Companions
M.S. in Astronomy
Boston University, Boston, MA May 2014
B.S. in Physics and Astronomy
University of Washington, Seattle, WA Dec. 2008
Honors
AAS Graduate Chambliss Poster Award Winner
American Astronomical Society, Washington D.C. Jan. 2014
Research Experience
Research Assistant – Boston University, Boston, MA Sep. 2009 – Present
Advisor: Prof. Andrew A. West
Studying the magnetic activity properties of M dwarfs with close binary companions
Published: Morgan et al. (2012), Morgan et al. (2016)
Research Assistant – University of Washington, Seattle, WA Sep. 2007 – May 2009
Advisor: Prof. Zeljko Ivezic, Branimar Sesar
Using RR-Lyrae stars to probe the structure of the outer Halo of the Galaxy
Teaching Experience
Teaching Fellow – Boston University Jan. 2010 – May 2010
Discussion leader, Astro 105: Cosmology
Teaching Fellow – Boston University Sep. 2009 – Dec. 2009
Lab Instructor, Astro 202: Introduction to Astronomy for Majors
Grader – Boston University Sep. 2013 – Dec. 2013
Astro 105: Cosmology
Service & Leadership
Boston University Pre-Majors Program (BU Pre-MAP) Fall 2014
Mentored two students on an original Astronomy related research project. BU Pre-MaP identifies under-represented
first-year students and provides mentoring, research experiences, cohort building and skills for navigating the college
308
environment.
RISE Mentor Summer 2014
Provided project ideas and mentoring to promising high school students with an interest in Astronomy. Introduced
the students to tools required for data analysis and reduction, data visualization, and critical thinking required in
independent research.
Upward Bound Mentor Summers 2011, 2013, 2014
Provided research experience in an Astronomy related project to under-represented local highschool students. The
projects were small in scope (only three-eight hour periods), but used real data and addressed cutting-edge science
questions.
Public Observatory Night Volunteer Nov. 2014 – Nov. 2016
Boston University opens the Observatory to the public every Wednesday night (weather permitting). Guided tour
of the Boston night sky using small 8-inch telescopes as well as a tour of the local facilities.
Volunteer at AAS June 2011, Jan. 2014
Professional Affiliations American Astronomical Society 2009 – 2016
Technical Experience Data Reduction, Analysis, & Visualization with Python, SQL, IDL, IRAF
Website Design with HTML, CSS, & jQuery
Survey & Time-Domain Data Retrieval and Analysis
Optical Photometry – 30+ nights on SMARTS 0.9m telescope
Optical Spectroscopy – 3 nights on DCT 4.3m, 40+ nights on Perkins 1.8m ,4 nights on FLWO 1.5m
Selected Conference Proceedings Talk: Examining Flare Rates in Close M Dwarf + White dwarf binary pairs
Morgan, D. P., West, A. A., Becker A.
Presentation # 229.02, 225th AAS Conference, 2015 (Seattle, WA)
Poster: Examining Flare Rates in Close M Dwarf + White dwarf binary pairs
Morgan, D. P., West, A. A., Becker A.
Cool Stars 18 Conference, 2014 (Flagstaff, AZ)
Poster: Examining Flare Rates in Close M Dwarf + White dwarf binary pairs
Morgan, D. P., West, A. A., Becker A.
224th AAS Conference, 2014 (Boston, MA)
Poster: Quantifying an Age-Activity Relation using Wide White dwarf + M dwarf binary pairs
Morgan, D. P., West, A. A., Dhital, S., Garcés, Catalán, S.
223rd AAS Conference, 2014 (Washington DC)
Won Graduate Chambliss Poster Award
Poster: Quantifying an Age-Activity Relation in Wide White dwarf + M dwarf binary pairs
Morgan, D. P., West, A. A., Becker A.
Cool Stars 17 Conference, 2012 (Barcelona, Spain)
Poster: The Effect of Close Companions on the Magnetic Activity of M Dwarfs
Morgan, D. P., West, A. A., Silvestri, N. M.
218th AAS Conference, 2011 (Boston, MA)
Poster: Quantifying an Age-Activity Relation in Wide White dwarf + M dwarf binary pairs
Morgan, D. P., West, A. A., Becker A.
Cool Stars 16 Conference, 2010 (Seattle WA)
Refereed Publications
6. KOI-256: An Eclipsing White Dwarf + M dwarf Binary: A Case Study for Correlating
Flares with Eclipses
Morgan, D. P., West, A. A., Muirhead, P., In Prep
5. Using Close White Dwarf + M dwarf Stellar Pairs to Constrain the Flare Rates in
Close Stellar Binaries
Morgan, D. P., West, A. A., Becker, A. C., AJ, 151, 114 (2016)
309
4. The Effects of Close Companions on the Magnetic Activity of M dwarfs
Morgan, D. P., West, A. A., Garcés, A., Catalán, Dhital, S., Fuchs, M., Silvestri, N. M., AJ, 144,
93 (2012)
3. Exploring the Variable Sky with LINEAR. I. Photometric Recalibration with the Sloan
Digital Sky Survey
Sesar, B., Stuart, J. S., Ivezić Ž., Morgan, D. P., Becker, Andrew C., Woźniak, P., AJ, 142, 190
(2011)
2. Exploring the Variable Sky with LINEAR. I. Photometric Recalibration with the Sloan
Digital Sky Survey
West, A. A., Morgan, D. P., Bochanski, J. J., et al., AJ, 141, 97 (2011)
1. Light Curve Templates and Galactic Distribution of RR Lyrae Stars from Sloan Digital
Sky Survey Stripe 82
Sesar, B., Ivezić Ž., Grammer, S. H., Morgan, D. P., et al., ApJ, 708, 717 (2010)
